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Introduction
The U.S. Geological Survey (USGS) conducted a program of Coal Exploration and
Resource Assessment of Armenia as part of a USAID-funded (U. S. Agency for International
Development) energy project in the Commonwealth of Independent States of the former Soviet
Union. The USGS conducted detailed field work on six coal fields in Armenia - Antaramut,
Shamut, Jermanis, Jajur, Iljevan, and Nor Arevik - and exploratory drilling on one - the Antaramut

Coal Field (fig. 1).

Coal Field

The Antaramut Coal Field is located in north-central Armenia approximately 15 km north
of Vanadzor, the third largest city in Armenia (fig. 1). Coal has been reported in the Antaramut
coal field since around the turn of the century. However, the coal had always been thought, by
previous workers, to have occurred in an area of approximately 1 km? (Talanian and Bogdanova,
1956; Keshabian and others, 1997). Because of the exploration work carried out by USGS, the
coal field has been expanded from the 1 km’ area to an area of approximately 20 km” (fig. 2).
Because the coal field has been greatly expanded as a result of the exploratory drilling, we have
renamed the coal field to include the three villages in the area the coal field encompasses. Thus,

we have named this coal field the Antaramut-Kurtan-Dzoragukh coal field (fig. 2).

Methodology
The USGS drilled 41 boreholes at 32 locations in the Antaramut-Kurtan-Dzoragukh coal

field from May 1997 to July 1999. Total drilling equaled 4162 m - 1349 cored meters and 2813



rotaried meters. Maximum depth drilled in this project was 264 m. This was not the capacity of
the rig, but rather, the maximum depth of interest based upon geology and lithology of the region.

In the beginning, we twin holed most locations. That is, the hole was rotary drilled and
geophysically logged. Then, a second borehole, usually 4 to 5 m away from the first was rotary
drilled to intervals of interest, usually coal, which were then cored. In the second year of the
project, however, we encountered many technical engineering difficulties because of fractures in
the strata above the coal, and as a result, we commonly cored the entire hole. Often, rotary
drilling was neither safe nor efficient. Further, because of the complicated geology (tectonics,
structure) of the coal field, the complete cores gave us more information than could be obtained
by rotary drilling,

The USGS used an SKB-4 (CKB-4) Russian coring drill rig. The USGS modified this
drill rig in order to conduct both rotary and core drilling using the same rig. Modifications

included adding a much larger mud pump than was originally found on the rig.

Data
Borehole Descriptions
Contained in this report are the lithologic borehole descriptions of each locality drilled by -
the USGS as part of this program. Only one borehole description per site is included in this
report. Descriptions appear in both English (Appendix A) and Russian (Appendix B) and
locations of each borehole are found on figure 2. Also included are three holes (holes 1, 2, and 3)
drilled jointly by the USGS and the Republic of Armenia Ministry of Environment Gugark

Expedition, in fulfillment of their State Plan for Coal Exploration. All descriptions of borehole



lithologies for boreholes 4 through 32 and the interpretations of the coal field’s stratigraphic units
are made by the USGS. The descriptions for boreholes 1 through 3 were made by the Ministry of

Environment geologist, but are reinterpreted here using our stratigraphic nomenclature.

Thin Section Descriptions

Also included in this report are thin secﬁon descriptions of numerous outcrop and
borehole samples taken as part of the USGS exploratory program. Thin section descriptions are
also presented in both English (Appendix C) and Russian (Appendix D) and outcrop sites or
borehole locations are found on figure 2. Occasionally, thin section descriptions do not match
with generalized borehole interval lithologic descriptions. This is because the thin section comes
from a very small part of the overall lithologic interval and they may not be representative of the
entire lithology.

Because the petrographer is Armenian, the thin section descriptions were written in
Russian and translated into English. Most of the descriptive, textural, and mineral terms are the
same in both languages. However, there were a few notable exceptions. Three of these are

Russian textural terms:

crystalloclastic: made up of fragments of minerals
vitroclastic: composed of fragments of volcanic glass
lithoclastic: made up of fragments of rocks

Thus, for example, vitrocrystalloclastic texture would mean “made up of fragments of volanic

glass and minerals” (Paffenholts, 1973).
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Appendix A

Borehole Descriptions, in English, from the

Antaramut-Kurtan-Dzoragukh Coal Field



Borehole 1
(elevation 1497 m)

0.0-6.0 Andesite

Dark gray, gray, in some places with a greenish tinge. Plagioclase and pyroxene
phenocrysts are present in the groundmass. The rock is carbonatized, in some
places chloritized.
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6.0-9.0 Tuffaceous sandstone

Gray-brown and brown, fine- and medium-grained. Rock fragments and mineral
debris are rounded and semirounded, rarely - angular. Dimensions - max 1 mm
across.

»
o

9.0-19.0  Andesite
10.0 Dark gray and gray, analogous to interval 0.0-6.0 m.

19.0-150.0  Andesite, andesite-basalt
131.0 Dark gray. Cuttings are represented by dense, hard rock. In individual large
fragments there occur crystals of pyroxene, amphiboles, also shapeless
carbonate formations. The groundmass fragments are represented by dark gray
volcanic glass. In some intervals - yellowish gray tuffaceous sandstone partings
(1.5-2 m max), which contain volcanic glass, feldspar, rarely pyroxene,
amphibole, mica and quartz.



Borehole 2
(elevation 1512 m)

0.0-101.0  Tuffbreccia
60.0 Dense, greenish gray, in some places bluish green. The rock fragments consist of
extrusive rock and mineral debris: plagioclase, quartz, biotite, possibly
hornblende, also volcanic glass, which most likely comprises the groundmass.
The rock is carbonatized, in some places chloritized.

101.0-142.0 Tuffaceous sandstone
41.0 Gray, in some places with a greenish tinge. By composition is analogous to the
previous interval. The rock in some places is ochered.

142.0-148.0 Rhyolitic tuff
6.0 Dense, hard, yellowish gray, rarely contains extrusive rock fragments. Minerals:
plagioclase, biotite, rarely - quartz. Volcanic glass is also present.

148.0-224.0 Tuff breccia, Tuffaceous conglomerate
76.0 Dense, hard, gray, in some places with a greenish tinge, consists of rock
fragments and mineral debris, most likely cemented by volcanic glass and ash.
Minerals: semi-rounded grains of feldspar, quartz, biotite.



Borehole 3
(elevation 1488 m)

3.0-64.0  Dacitic lava breccia
61.0 Dense, hard, gray and brown-gray, carbonatized, in some intervals - chloritized
and ochered. The rock probably consists of rock fragments and mineral debris
cemented by volcanic glass and ash. Extrusive rock fragments are angular, rarely
semi-rounded. Minerals: quartz, feldspars, rarely biotite, possibly amphibole.
Individual ore mineral grains are present.



3.0-22.0
19.0

22.0-26.0
4.0

26.0-26.6
0.6

26.6-28.9
23

28.9-48.0
19.1

48.0-64.0
16.0

64.0-65.7
1.7

65.7-66.4
0.7

66.4-66.6
02

66.6-66.8
02

66.8-72.0
52

Borehole 4
(elevation 1440 m)

Tuffaceous sandstone or tuffaceous siltstone

Cuttings are brown-gray, in some places with a greenish tinge; fragments of
dense, hard rock with concealed and fine-grained texture, most probably
fractured, fractures are ochered; hard extrusive rock fragments, quartz,
plagioclase are present. The rock is weakly carbonatized.

Tuffaceous sandstone
Greenish gray, dense, hard, fracture are intensely ochered, carbonatized and
chloritized. Minerals: plagioclase, quartz, and rarely biotite.

Carbonaceous shale - Bed Number 1
Dark brown, in some places with greenish tinge. Fractured, and along the
fractures carbonatized and sometimes chloritized and ochered.

Tuffaceous siltstone
Greenish gray, dense, in some places crushed, fractures are ochered,
carbonatized.

Tuff breccia and Tuff conglomerate

Greenish gray, dense, hard; extrusive rock fragments: angular, rarer semi-
rounded, 2 x 2 cm by size. Minerals: quartz, plagioclase, biotite, hornblende.
The rock is fractured, fractures are carbonatized.

Tuff breccia and Tuff conglomerate
Dark gray, dense, hard, fractures are carbonatized. Rock fragments are angular,
max. 0.5 cm, many are ochered, carbonatized.

Rhyodacitic tuff
Light gray, dense, in some places fractured, fractures are ochered, carbonatized.

Tuffaceous sandstone
Light gray, coarse-grained, w/ rock fragments (up to 5% of the whole mass), 3
cm across, fractures are ochered, carbonatized.

Sandstone
Gray, coarse-grained, crushed, ochered, carbonatized.

Carbonaceous shale
Dark gray, dense, hard, possibly silicified, w/ very thin coal lenses (1 mm max.).

Sandstone
Greenish gray, medium-grained, crushed, shattered w/ rolls and semi-rounded
extrusive rock fragments (1 x 2 cm).



72.0-73.2
12

73.2-74.7
1.5

74.7-75.1
04

75.1-86.0
10.9

Tuffaceous sandstone-tuff conglomerate
Brecciated, shattered, crushed, w/ rounded rock fragments (2X2 cm),
carbonatized, chloritized.

Coal - Bed Number 2 :
Black, crushed, fractures are carbonatized, in some places silicified, includes
light gray siltstone partings.

Siltstone
Gray, dense, fractures are carbonatized, interbedded w/ medium- and fine-
grained sandstones. The rock is carbonatized.

Tuffaceous siltstone
Chestnut brown, fractures are carbonatized, chloritized, slightly striated,
shattered.



Borehole 5
(elevation 1400 m)

3.0-40.0  Clay shale
37.0 Cuttings are brown, clayey, some fragments are laminated. The rock is friable,
plastic when wet, contains clasts (gruss, gravel) making max 10 percent of the
whole rock mass, in some intervals the rock is chloritized. In the interval 13.0-
15.0 m the cuttings are light gray.

40.0-57.0  Tuffbreccia
17.0 Light gray, dense, with extrusive rock fragments - angular, semi-rounded, 2 x 2
cm. Minerals: quartz and plagioclase. The rock is carbonatized.

57.0-66.0  Rhyolitic tuff
11.0 Yellowish gray, dense, fractures are highly ochered, carbonatized. Minerals:
quartz, hornblende, chlorite, also some red mineral, possibly cinnabar.

66.0-108.0  Tuff breccia
42.0 Gray, dense, fractures are carbonatized, ochered. Rock fragments are angular, 1
cm across. Minerals: quartz, plagioclase, rare biotite scales.

108.0-144.7 Siltstone
36.7 Brown, with coarse-grained sandstone partings, rounded rock fragments. In
certain intervals the rock is fractured, fractures are carbonatized, chloritized.
Contains quartz grains. Extrusive rock fragments, in some intervals, make 30
percent of the whole mass, reaching 10 cm across in size.



Borehole 6
(elevation 1535 m)

4.0-13.0  Tuff breccia
9.0 Brown. The rock is soft, plastic when wet. There occur rock fragments and
mineral debris: quartz, feldspars, chlorite, sericite. A portion of the fragments
are semi-rounded. The rock is carbonatized, chloritized.

13.0-68.0  Tuff breccia
55.0 Gray, in some places greenish gray, most likely strongly tectonically affected,
which result in the intense carbonatization, chloritization and ochering of the
rock. Secondary minerals are abundant: quartz, chlorite, carbonate. Sulfide
phenocrysts are present in some individual cuttings.

68.0-78.0  Basalt
10.0 Dense, dark gray, with a cryptocrystalline texture. Rare debris of pyroxene and
plagioclase are present.

78.0-88.0  Tuffaceous sandstone
10.0 Gray, in some places greenish gray. By composition is analogous to interval
13.0-68.0 m.

88.0-108.0  Tuff breccia, tuffaceous sandstone
20.0 Gray, dense, in the interval 94.0-101.0 m - ferruginized. Minerals: quartz,
plagioclase, and rarely biotite. The rock is carbonatized, less chloritized.



80.0-122.0
42.0

122.0-153.0

31.0

153.0-184.0

31.0

184.0-202.0

18.0

202.0-264.0

62.0

Borehole 7
(elevation 1590 m)

Tuff breccia
Dense, hard, light gray with a brownish tinge, consists of extrusive rock and
mineral debris: quartz, plagioclase, dark amphiboles.

Tuff breccia

Dense, hard, greenish gray. The extrusive rock fragments and mineral debris are
bound by a groundmass represented by volcanic glass and ash. Minerals: quartz,
plagioclase, rarely biotite, possibly hornblende. The rock is carbonatized, in
some places chloritized and ferruginized.

Tuff breccia

Dense, of medium hardness, light gray. Basic extrusive rock fragments make
max 15 percent. Minerals: quartz, plagioclase, rarely biotite. The rock is
carbonatized, in some intervals chloritized, ferruginized.

Rhyolitic tuff
Dense, gray with a pinkish tinge. Individual debris of quartz and biotite are
present.

Basalt

Dense, hard, dark gray, slightly carbonatized, with some ferruginized spots.
Individual debris of plagioclase, possibly pyroxene, also fragments of ground
mass represented by volcanic glass are present.

Tuff breccia

Dense, brown-gray, in some places with a greenish tinge, carbonatized. There
occur extrusive rock fragments (10 percent) and mineral debris: quartz,
plagioclase, biotite.

Tuff and Tuff breccia

Dense, hard, greenish gray. Extrusive rock fragments, mineral debris and
volcanic glass are present. The rock is slightly carbonatized, some fragments are
ochered.



3.0-18.0
15.0

18.0-25.5
7.5

25.3-273
1.8

27.3-34.0
6.7

34.0-37.0
1.0

37.0-37.3
03

37.3-39.9
2.6

39.9-57.7
17.8

57.7-59.0
13

59.0-81.0
220

81.0-87.0
6.0

Borehole 8
(elevation 1507 m)

Rhyolitic tuff
Cuttings are yellowish light gray. Rock is heavily fractured, carbonatized, in
some places ferruginized. Minerals: quartz, plagioclase, biotite.

Siltstone
Gray, dark gray, with small carbonaceous shale partings, fractures and micro
fractures are carbonatized. Individual quartz crystals.

Sandstone
Gray, fine-grained, fractured, with a 2-3 cm thick coal parting.

Sandstone
Gray, with a composition analogous to the previous interval, but without coal.

Sandstone
Brown, fine-grained, schistose, shattered, with very thin (several mm) coal
partings. The rock is carbonatized, in some places chloritized, weakly laminated.

Tuffaceous sandstone
Light gray, with rock fragments, rounded quartz crystals, plagioclase, rare
biotite plates, poorly laminated.

Sandstone
Brown, fine-grained, and in some intervals coarse-grained. Slight laminations
are observed at an angle of 12°.

Tuffaceous sandstone

Greenish gray, dense; extrusive rock fragments are 2 x 2 cm in size. The rock is
fractured, fractures and micro fractures are carbonatized. Minerals: quartz,
plagioclase, rare biotite plates. In some intervals the rock is crushed and
shattered.

Sandstone
Chestnut brown, fine-grained, in some places carbonatized, chloritized, silicified,
shattered; single quartz grains.

Tuffaceous sandstone with rock fragments.
Cuttings are greenish gray. Minerals: quartz, plagioclase. The rock is
carbonatized.

Tuffaceous sandstone
Pink-gray, dense, hard, medium-grained, in some places coarse-grained with
angular extrusive rock fragments. Minerals: quartz grains.



87.0-114.0
27.0

114.0-117.0

3.0

117.0-122.0
5.0

Tuffaceous sandstone
Greenish gray. Cuttings are represented by fragments of dense rock which are
carbonatized. Minerals: quartz, biotite, and possibly hornblende debris.

Sandstone
Cuttings are represented by dense, chestnut brown rock fragments with
individual dark extrusive rock fragments. Quartz grains are present.

Tuffaceous sandstone
Greenish gray. By compositton, analogous to interval 87.0-114.0 m.

10



22.0-23.8
1.8

23.8-24.0
0.2

24.0-24 8
0.8

24.8-27.0
22

27.0-27.4
04

27.4-30.0
0.6

30.0-33.0
3.0

33.0-37.0
4.0

37.0-56.8
19.8

56.8-64.0
72

Borehole 9
(elevation 1326 m)

Tuff breccia

Brown-gray, dense, fractured, with angular rock fragments; the rock is highly
carbonatized, chloritized, kaolinized, ferruginized. Minerals: quartz, feldspar,
biotite.

Sandstone
Gray, medium-grained, carbonatized, in some places silicified, ferruginized,
chloritized.

Sandstone
Analogous to that in the previous interval, with hard coal partings, possibly
silicified.

Tuffaceous sandstone
Greenish gray, crushed, carbonatized, chloritized.

Siltstone
Chestnut brown with individual rock fragments; the rock is crushed,
carbonatized, chloritized.

Coal - Bed Number 2
Black, friable, shattered, with siltstone partings; there occur weathered pieces of
coal and hard, silicified coal fragments.

Tuffaceous sandstone
Greenish gray, crushed, highly carbonatized, chloritized.

Clay
Brownish gray, with semi-rounded grains of quartz, plagioclase, and rock
fragments.

Siltstone

Chestnut brown, with individual rock fragments, crushed, shattered, highly
carbonatized, chloritized, in some places ferruginized, rounded, semi-rounded
grains of quartz.

Dacitic tuff breccia

Light brown, dense, fractured, highly carbonatized, chloritized, certain intervals
are ferruginized. Minerals: quartz, plagioclase, hornblende, biotite, fragments of
volcanic glass.

Siltstone
Chestnut brown, crushed, shattered, highly carbonatized, chloritized, in some
places ochered, single fragments (gruss) of extrusive rocks.

11



64.0-122.0 Tuff breccia
58.0 Greenish gray. Fragments of dense, hard rock, carbonatized, in some place
ochered. Minerals: quartz, plagioclase, amphiboles. Also contains volcanic
glass and extrusive rock fragments. In some intervals, the rock is chloritized.

12



3.0-13.0
10.0

13.0-20.0
7.0

20,0-44.0
24.0

44.0-50.0
6.0

Borehole 10
(elevation 1312 m)

Tuff breccia

Cuttings are light brown; dense and hard rock fragments; clear quartz crystals,
dull plagioclase grains, biotite plates, dark hornblende fragments, volcanic glass
fragments. The rock is carbonatized, ochered.

Tuffaceous sandstone
Cuttings are gray, plastic when wet. There occur semi-rounded grains of quarts,
plagioclases, biotite plates. The rock is crushed and carbonatized.

Tuff breccia

Cuttings are grayish brown, consist of quartz, dull white plagioclase, rare biotite
plates, limonite, rare fragments of ore minerals; also dense extrusive rock
fragments. The rock is weakly carbonatized and ferruginized.

Tuff breccia-tuffaceous sandstone.

Cuttings are gray, in some places dark gray, consisting of fragments of quartz,
plagioclases, biotite, individual fragments of potassium feldspar, dark amphibole
crystals, volcanic glass. The rock is hard, fractured, along the fractures -
carbonatized and ferruginized, in some places - silicified.

13



3.0-17.0
14.0

17.0-27.0
10.0

27.0-28.0
1.0

Borehole 11
(1327 m)

Tuff breccia

Hard, dense. Cuttings are light brown. There occur also dark rock fragments
and minerals - quartz, plagioclase, biotite, some ore mineral grains. The rock is
carbonatized, in some places ferruginized.

Tuff breccia-tuffaceous sandstone
Dense, hard. Cuttings are bluish gray. There occur fragments of quartz, plates
of biotite. The rock is most probably carbonatized, ferruginized.

Cuttings are dark gray, by composition analogous to the previous interval; single
fragments of dark gray, black, hard, possibly carbonified rock.

14
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24.0-100.0

76.0

Borehole 12
(elevation 1333 m)

Tuff breccia

Cuttings are light brown; rock consists of quartz grains, plagioclase, biotite
plates, and volcanic glass. There occur rock fragments, individual ore minerals.
The rock is hard, fractured, carbonatized, in some places ferruginized.

Basalt

Cuttings are gray, in some places dark gray; fragments of hard, dense rock with
predominantly dark minerals; the minerals are represented by prismatic crystals
of pyroxenes, amphiboles, dull plagioclase crystals, individual ore mineral grains.

Basalt - altered, chloritized

Cuttings are grayish green, dense, hard, with a porphyritic texture. The ground
mass is greenish, apparently consists of volcanic glass. The phenocrysts are
represented by almost black short-prism pyroxenes, hornblende, colorless semi-
dull quartz, dull plagioclase grains. There occur individual ore mineral grains,
also non-indigenous rock fragments. The rock is obviously altered.

15



3.0-12.0
9.0

12.0-37.0
25.0

37.0-48.6
11.6

Borehole 13
(elevation 1312 m)

Qal (modern deposits)
Clay, loam w/ fragments of lava and tuff breccia.

Tuff breccia

Dense, hard. Cuttings are light brown. Extrusive rock fragments and mineral
grains (quartz, plagioclase, biotite, and ore minerals) are present. Rock is
carbonatized and in some places ochered.

Basalt
Dense, hard. Cuttings are gray and dark gray. Groundmass contains pyroxene
and plagioclase phenocrysts.

16



6.0

9.0-20.0
11.0

20.0-30.0

10.0

Borehole 14
(elevation 1305 m)

Qal (modern deposits)
Clay, loam w/ clasts, represented by gravel, gruss, lava breccia.

Tuff breccia

Dense, hard. Cuttings are brownish gray. There occur quartz, plagioclase,
biotite, volcanic glass, also dark rock fragments. The rock is carbonatized, in
some places ochered.

Basalt
Cuttings are gray, dark gray. Dense, hard, with the ground mass containing
pyroxene and plagioclase phenocrysts.

17
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64.0-66.5
2.5

66.5-68.0
1.5

68.0-68.4
0.4

68.4-69.0
0.6

69.0-73.5
4.5

73.5-73.8
0.3

73.8-79.0
52

79.0-98.0
19.0

98.0-195.0
97.0

Borehole 15
(elevation 1410 m)

Dacitic lava breccia

Brownish gray, in some places with a greenish tinge, crushed and fractured in
certain intervals. Rock and mineral fragments are angular and semi-rounded,
cemented by a ground mass consisting most probably of volcanic glass and ash;
extrusive rock fragments are 3-5 cm across. Minerals: plagioclase, quartz,
biotite, single ore minerals. The rock is carbonatized and chloritized.

Tuff breccia

Greenish gray, dense, fractured, carbonatized, chloritized, ochered, consists of
rock and mineral fragments and a ground mass; extrusive rock fragments are
angular. Minerals: plagioclase, quartz, biotite, chlorite, carbonate.

Tuffaceous sandstone
Gray, dark gray, with dense, hard, possibly silicified coal partings carbonatized
along the fractures.

Siltstone
Greenish light gray, dense, hard, carbonatized.

Tuffaceous sandstone
Greenish gray, analogous to interval 64.0-66.5 m.

Tuffaceous sandstone
Gray, greenish gray, brecciated, with 1 x 1 cm rock fragments, the fractures,
microfractures and pores are carbonatized and chloritized.

Coal - Bed Number 2
Black, dense, silicified, with a fibrous texture, crystalline in some places,
fractures, microfractures are carbonatized and silicified

Sandstone

Gray, dark gray in some places, crushed, fine- to coarse-grained, contains max.
1 cm rock fragments, a 5-7 cm thick coal parting, analogous to that in the
interval 73.5-73.8 m. The rock is carbonatized and chloritized.

Siltstone
Cuttings are brown. Greenish in some intervals, with rare rock fragments, quartz
grains.

Tuff breccia

Dense, carbonatized, chloritized. Cuttings are gray. Consists of ground mass,
rock fragments, and minerals - quartz, plagioclase, biotite, single ore mineral
grains. Extrusive rock fragments are angular, semi-rounded, 4-5 cm across.

18



11.0-23.0
12.0

23.0-28.0
5.0

28.0-40.0
12.0

40.0-67.0
27.0

67.0-69.0
2.0

Borehole 16
(elevation 1305 m)

Tuff breccia

Cuttings are grayish yellow, plastic. Crushed, shattered, there occur grains of
plagioclases, quartz, biotite scales, hornblende, volcanic glass, also dark
extrusive rock fragments.

Tuff breccia
Cuttings are gray, by composition analogous to the previous interval. The grain
size is smaller. Contains more ferruginized areas than previous interval.

Tuffaceous sandstone

Cuttings are bluish gray, representing, most probably, tuffaceous sandstones -
carbonatized. Minerals: rounded and semi-rounded grains of plagioclases,
quartz, rare plates of biotite, also slightly rounded extrusive rock fragments.

Siltstone
Cuttings are brown, in some intervals dark brown, clayey, rare rock fragments.
Minerals: plagioclase, quartz.

Tuff breccia
Dense, hard. Cuttings are gray. Minerals: plagioclase, quartz, carbonates, also
fragments of volcanic glass and ash. The rock is highly carbonatized.

Tuff breccia-tuff conglomerate

Greenish gray, dense, hard, consisting of ground mass, rock fragments and
minerals - quartz, carbonates, possibly plagioclases. Many minerals are
substituted by a secondary chloritic mass. The rock underwent severe tectonic
alteration.
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Borehole 17
(elevation 1410 m)

Dacitic lava breccia

Cuttings are light gray with a brown, in some places yellow, tinge, contains
fragments of dense, hard rock consisting of mineral grains, rock fragments,
mainly lava breccia. Rock fragments: dark, dense, most probably extrusive.
Minerals: plagioclase, quartz, biotite, hornblende, some ore mineral grains. The
rock is carbonatized, chloritized, in some places ferruginized. Fluid loss at 93 m,
apparently due to jointing.

Tuff breccia

Bluish gray, dense, hard, consists of rock fragments and minerals apparently
cemented by volcanic material. Extrusive rock fragments: angular, semi-
rounded, 3-4 cm across. Minerals: dull plagioclase, semi-rounded quartz grains,
mica plates, hornblende, and some ore mineral grains. In some intervals the rock
is fractured. The fractures and micro fractures are carbonatized and ochered.

Tuffaceous sandstone
Gray, crushed, with dark, possibly carbonified rock (coal) partings and
fragments. Minerals: quartz, plagioclase. The rock is highly carbonatized.

Coal - Bed Number 1
Black, dense, hard, in some places crystalline, fractures are silicified and
carbonatized.

Siltstone
Greenish gray, fractures are filled with calcite, extrusive rock fragments and
slightly rounded quartz grains. The rock is highly carbonatized.

Tuffaceous sandstone

Greenish gray, brecciated, carbonatized, containing extrusive rock fragments 5
cm across. The rock fragments are slightly rounded and rounded. Minerals:
quartz, plagioclase, biotite. The rock is friable, shattered, fractured by tectonic
action. In some intervals the rock is chloritized.

Coal - Bed Number 2
Black, represented by hard, possibly silicified fragments, 1-2 cm max, and
fusain.

Tuffaceous sandstone
Greenish light gray, friable, shattered, carbonatized, with rare thin carbonified
rock (coal) partings.
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155-159.0  Siltstone
4.0 Chestnut brown, with an admixture of arenaceous material, which in some
intervals exceeds 50%, represented by rock fragments and minerals - quartz,
plagioclase, individual biotite plates, and ore minerals. The rock fragments and
minerals are slightly rounded and angular. The rock is weakly fractured, possibly

silicified and ferruginized.
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Borehole 18
(elevation 1165 m)

Dacitic lava breccia

Brownish gray, dense, hard, consists of ground mass, fragments and mineral
grains: plagioclase, quartz, biotite, and ore minerals. The rock is carbonatized,
and chloritized to a lesser degree. The ground mass, possibly, consists of
volcanic glass and ash. Extrusive rock fragments are 5 cm across.

Dacitic lava breccia

Bluish light gray, hard, fractures are ochered (ferruginized) and carbonatized.
The mineral composition is analogous to that described in the previous interval.
The rock is more chloritized, carbonatized, and deformed than the previous
interval. The ore minerals content is a little higher.

Dacitic lava breccia

Greenish light gray, hard, fractures are ochered, carbonatized, and in some
places crushed, in some intervals chloritized. Extrusive rock fragments are 3 cm
across (occasionally 7 cm across). Minerals: plagioclase, quartz, biotite, some
ore minerals.

Andesite

Dark gray, polycrystalline, fractured, and in some places crushed. Fractures -
ochered, carbonatized, chloritized. Minerals: plagioclase, pyroxene, chlorites,
carbonates. Looks like an intrusive body (dike-like body).

Dacitic lava breccia
Light gray, hard, in some places fractured, by composition is analogous to the
interval 20.0-38.5 m.

Dacitic lava breccia
Analogous to the previous interval, crushed, shattered, having undergone
tectonic influence.

Tuff breccia

Grayish blue, fractured, in some intervals shattered, fractures are ochered and
carbonatized. Minerals: plagioclase, quartz, rare plates of biotite, hornblende,
ore minerals. The ground mass consists of volcanic material. Extrusive rock
fragments reach 2 cm across. In some intervals the fragments make 20 percent
of the whole mass. The rock is weakly carbonatized and chloritized.
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Tuffaceous sandstone

Yellowish gray, medium-grained, with semi-rounded extrusive rock fragments
0.5 c¢m across. Minerals: biotite, quartz, plagioclase, rare ore mineral grains. The
rock is fractured, shattered, fractures are ochered, carbonatized, chloritized,
contains rare fragments of dark, almost black rock (possibly carbonified).

Tuffaceous sandstone

Light gray, of medium hardness, with max. 0.5 c¢m coal lenses, shattered,
deformed. At 117.5 m - a 3-4 cm coal lens with fibrous texture. The rock has a
little schistose structure, which is a little carbonatized and chloritized.

Coal - Number 1 Rider
Shattered, crushed, in some places crystallized, slightly laminated.

Arenaceous siltstone

Greenish gray, fractures are carbonatized and chloritized, with dark gray,
possibly carbonified siltstone partings (1-2 cm), and fine-grained sandstone
partings (5 cm max.). Bedding plane in the sandstones are dipping at 15°.

Coal - Bed Number 1

Black, dense, possibly silicified, in some places crystalline. Contains ore mineral
inclusions (pyrite) which are 1-2 cm across; fractures are carbonatized. Small
clayey partings.

Tuffaceous sandstone-tuff conglomerate

Bluish gray, brecciated, shattered, intensely chloritized, carbonatized.
Fragments: rounded, semi-rounded, 3-4 cm across, many are completely
substituted by chloritic mass; separate fragments of dark, possibly carbonified
rock (2 cm max.).

Coal - Bed Number 2

Black, dense, in some places crystalline, with small sandy-clayey rock partings,
in some intervals possibly silicified, fractures are carbonatized. Ore minerals are
present. Starting 138.0, thin carbonaceous partings start to appear, grading to
carbonaceous shale toward bottom.

Siltstone
Gray, dark gray, friable, fractures are carbonatized, crushed.

Clayey siltstone
Dark gray, analogous to that in the previous interval, but less fractured. In the
interval 144.4-144.6 - a clay parting: plastic, gray.

23



144 8-147.8

3.0

147.8-150.5

2.7

150.5-151.3

0.8

151.3-159.0

7.7

Tuffaceous sandstone

Greenish gray, fine-grained, with inclusions of carbonified rock. Minerals:
plagioclase, quartz, rare biotite plates, ore minerals. In some intervals, the rock
is weakly chloritized and carbonatized.

Tuffaceous siltstone

Arenaceous, chestnut brown, crushed, fractures are chloritized. Minerals: rare
quartz, biotite. In the interval 147.3-147.9 - tuffaceous siltstone: dark gray, by
composition analogous to that in the previous interval.

Tuffaceous sandstone
Gray, fine-grained, dense, of medium hardness; contains plagioclase, quartz,
biotite. The rock is chloritized in some places.

Welded tuff-rhyolitic tuff

Light green, in some places fractures. Fragments: angular, 1-2 cm across,
making 10 percent of the whole mass. The rock is chloritized, occasionally
carbonatized. Minerals: quartz, plagioclase, biotite, chlorite, carbonate.
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Borehole 19
(elevation 1120 m)

Dacitic lava breccia

Dense, hard. Cuttings are yellowish gray. Extrusive rock fragments are
present. Minerals: quartz, plagioclase, biotite, individual ore mineral grains.
Some rock fragments are ochered. Rock as a whole is slightly carbonatized.

Tuff breccia

Greenish gray, fractured, crushed, tectonically affected, highly chloritized,
carbonatized. Ground mass consists mainly of volcanic glass and ash -
chloritized. Rock fragments: angular, rarely slightly rounded, 3-4 cm across,
partly chloritized. Minerals: plagioclase, quartz, biotite, ore mineral grains.
Chlorite and carbonate are secondary, which fill the fractures and pores, also
substitute certain minerals.

Tuff breccia
Slightly greenish gray, in some places porous, by composition analogous to that
in the previous interval, but less fractured, chloritized and carbonatized.

Andesite

Dark gray, dense, hard, fractures are carbonatized, chloritized, possibly
silicified, contains plagioclase phenocrysts, pyroxenes, ore mineral grains. The
rock as a whole is weakly carbonatized, chloritized, and less silicified.

Tuff breccia

Gray, dark gray, until to 68.5 m - with a greenish tinge due to high
chloritization of both the ground mass and some rock fragments. The rock is
dense, hard, in some intervals fractured; the fractures are filled with carbonates
and chlorites. Rock fragments: slightly rounded, angular, reaching 3 cm across,
represented by extrusives, partly chloritized, ochered, some are completely
substituted by chloritic mass. Minerals: plagioclase, quartz, biotite, possibly
hornblende, pyroxene, individual ore mineral grains.

Tuffaceous sandstone

Greenish gray, dense. Rock fragments: max. 1 cm across, making less than 15
percent of the whole rock mass. Minerals: quartz, plagioclase, ore minerals. In
some intervals the rock is fractured and carbonatized. The rock as a whole is
tectonically crushed, weakly carbonatized.

Tuffaceous sandstone
Gray, friable, laminated. Individual extrusive rock fragments are ferruginized,
max 1 cm across. Minerals: plagioclase, quartz, ore minerals.
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Tuffaceous siltstone

Greenish dark gray, fractured, shattered, fractures are carbonatized, chloritized.

Tuffaceous sandstone

Brecciated, coarse grained, containing rock fragments. Friable, highly
schistose, deformed. Rock fragments: semi-rounded, max. 3 ¢cm across, highly
chloritized, carbonatized, with visible foliation. Minerals: plagioclase, quartz,
rare biotite plates, ore minerals. There occur individual fragments of coal, max.
0.5 cm across.

Coal - Bed Number 1
Black, shattered, in some places crystalline, with sandy-clayey impurities.

Siltstone
Gray, dark gray, possibly carbonified, fractures are carbonatized.

Siltstone
Greenish light gray, in some places broken, shattered, carbonatized, possibly
chloritized.

Rhyolite (most likely replaced Coal Bed Number 2)
An extrusive rock with a porphyritic texture, light gray, dense, hard; ground
mass - volcanic glass containing quarts, plagioclase grains.

Tuffaceous sandstone

Dark gray, almost black, possibly carbonified, with semi-rounded extrusive
rock fragments, broken, shattered, with a visible foliation. Minerals:
plagioclase, quartz, ore minerals.

Siltstone
Greenish gray, carbonatized, possibly chloritized.

Siltstone

Chestnut brown, in some places with a greenish tinge due to chloritization
developed in the ground mass as well as in micro fractures, fractures and pores.
Contains individual crystals of quartz, biotite plates.

Tuffaceous sandstone
Greenish gray, hard, dense, possibly silicified, also carbonatized, chloritized.

Siltstone
Brown, analogous to interval 152.4-154.1 m.

Rhyolitic welded tuff

Pinkish gray, possibly hydrothermally altered. Ground mass possibly consists of
volcanic glass, partly microcrystalline aggregates. Contains rare quartz
phenocrysts, plagioclase, biotite, ore minerals, also extrusive rock fragments.
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160.5-162.0  Rhyolitic tuff breccia
1.5 Greenish, dense, with extrusive rock fragments, chloritized, less carbonatized.
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Borehole 20
(elevation 1157)

Dacitic lava breccia

Brownish gray, hard, dense, fractures are ochered, in some intervals chloritized.
The ground mass, most probably, consists of a mixture of volcanic glass and ash
undergoing ferruginization and chloritization. Extrusive rock fragments: angular,
semi-rounded, 2-3 cm across, some - 5 cm across, many are ochered and
chloritized, make up to 20 percent of the whole mass. Minerals: plagioclase,
quartz, biotite, single mineral grains. The rock is carbonatized as a whole.

Dacitic lava breccia

Gray, dense, hard, rare fractures are ochered. Extrusive rock fragments are
cemented by a volcanic glass and ash cement - carbonatized and ochered along
the fractures. Rock fragments: dark, 1 cm across, making 10 percent of the
whole mass, some are chloritized. Minerals: plagioclase, quartz, hornblende,
biotite, and single ore mineral grains; small amounts of chlorite and carbonate.
The rock is carbonatized as a whole.

Dacitic lava breccia

Brownish gray, analogous to interval 17.0-39.0 m, with a stronger degree of
chloritization (along the fractures, in the ground mass, rock fragments),
ferruginized.

Dacitic lava breccia
Analogous to interval 39.0-40.0 m.

Dacitic lava breccia
Brownish gray, analogous to interval 40.0-44.0 m.

Dacitic lava breccia
Brownish gray, analogous to interval 44.0-45.0 m.

Dacitic lava breccia
Brownish gray, analogous to interval 45.0-57.0 m.

Tuff breccia

Gray with a bluish or greenish tinge in some places, dense, hard, fine-grained.
Rock fragments and minerals are cemented by a ground mass consisting, most
probably, of a mixture of volcanic glass and ash baving undergone partial
chloritization, silicification, and carbonatization. Extrusive rock fragments: semi-
rounded, 1-2 cm across, making in some intervals 10 percent of the whole mass,
some are ferruginized and chloritized. Minerals: plagioclase, quartz, hornblende,
biotite, sericite, single ore mineral grains, chlorite, carbonate
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Tuffaceous sandstone
Greenish light gray, medium-grained, with single semi-rounded 1 x 1 cm rock
fragments. Starting from 106.2 - 0.3 x 0.3 cm coal chunks and partings.

Coal - Bed Number 1 Rider
Black, in some places brown, crushed, ochered, possibly silicified, in some
places crystallized, containing single ore mineral grains

Tuffaceous sandstone

Light gray, porous, with weakly stratified (oriented) grains. Minerals: rounded
clear quartz grains, plagioclase, biotite, rare ore mineral grains and dark
extrusive rock fragments. Ground mass: possibly consists of a mixture of
volcanic glass and ash.

Sandstone
Gray, fine-grained, dense, hard, with a black crystalline coal parting (0.3 cm)

Siltstone
Greenish gray, crushed, broken, chloritized; interval 110.2-110.4 m - sandstone:
greenish gray, crushed, intensely chloritized, coarse-grained

Arenaceous sandstone

Dark gray, possibly carbonified, in some places - chloritized; interval 112.8 m -
black coal partings, 7 - 8 cm thick, in some places crystalline, pyritized. The
rock as a whole and fractures are carbonatized

Coal - Bed Number 1

Black, some partings - crystalline, stratified, ochered (ferruginized) in some
places, pyrite chunks and phenocrysts. The rock is crushed, weakly
carbonatized.

Tuffaceous sandstone
Coarse-grained, brecciated, bluish to greenish gray, friable, deformed, intensely
chloritized, carbonatized.

Coal - Bed Number 2 Rider
Black, dense, hard, possibly silicified, in some places laminated, with a fibrous
texture, carbonatized.
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Tuffaceous sandstone

Brecciated, coarse-grained, greenish gray, of medium hardness, in some places -
broken and crushed. Rock fragments: 3-4 cm across, intensely chloritized,
carbonatized, some are entirely substituted by chloritic mass. Minerals:
plagioclase, rare quartz crystals and mineral grains, possibly hornblende. Rare
grains and chunks of coal or carbonaceous material. Ground mass: intensely
chloritized, carbonatized, the carbonates filling the fractures, microfractures and
pores.

Coal - Bed Number 2
Black, dense, possibly silicified, in some places crystalline.

Tuffaceous siltstone

Gray, medium hardness. Rock fragments 2 cm max., rounded, semi-rounded.
The rock is intensely chloritized, carbonatized (both the ground mass and rock
fragments and minerals), broken and crushed. The fragments are laminated.

Silty carbonaceous shale
Dark gray, interbedded with gray siltstone. The bedding plane shows a dip of
12-15°. In some places are carbonatized. There is single coal parting (1 cm).

Siltstone
Gray, in some places dark gray, possibly carbonified, in some intervals broken
and crushed, carbonatized, individual single carb. shale partings (1 cm).

Siltstone
Light gray, possibly calcareous, with medium-grained sandstone partings. In
some places the rock is broken, fractured. Carbonified partings (5 cm).

Tuff breccia, tuff conglomerate

Greenish gray, dense, hard, with extrusive rock fragments reaching 8 cm across.
Fragments: semi-rounded and rounded, intensely chloritized. The rock as a
whole is carbonatized and chloritized.

Siltstone

Chestnut brown, stratified, contains rounded quartz grains, biotite. The rock is
intensely carbonatized, chloritized along fractures and microfractures as well as
in the pores.

Welded tuff, rhyolitic tuff

Light gray, in some places with a greenish tinge, porous, contains rock
fragments (2 cm). Minerals: plagioclase, quartz, biotite, ore mineral grains. The
rock is carbonatized and chloritized.
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Borehole 21
(elevation 1235)

Dacitic lava breccia

Grayish brown, hard, dense, fractured, fractures are ochered. Rock and mineral
fragments are most probably cemented by a mixture of volcanic glass and ash,
which are partly ochered and carbonatized. Extrusive rock fragments are 2-3 cm
across, some are 7 cm across, angular, some are semi-rounded. The majority of
the rock fragments are ochered and partially altered. Minerals: light dull
plagioclase, semi-dull quartz, biotite, possibly hornblende, carbonates, chlorites,
and individual ore mineral grains. The rock as a whole is carbonatized.

Dacitic lava breccia

Gray, dense, hard, rare fractures are ochered. Extrusive rock fragments: dark,
reaching 1 cm across, making 10 percent of the whole mass, some fragments are
chloritized. Minerals: plagioclase, quarts, biotite, hornblende, ore minerals; small
amounts of chlorites, carbonates, iron hydroxides. The rock as a whole is
carbonatized.

Dacitic lava breccia
By composition is analogous to interval 16.0-24.2 m.

Tuff breccia

Gray, bluish gray, dense, fine-grained, fractures are ochered. Cement: volcanic
glass plus ash. Rock fragments: angular, semi-rounded, reaching 1 cm across.
Minerals: plagioclase, quartz, hornblende, biotite, rare ore mineral grains,
carbonate. Starting from 104.5 m - coal inclusions (0.5 cm max.). In the interval
104.95-10.5 m - a coal parting: dark, almost black, fractures are carbonatized.
The rocks enclosing the coal underwent strong tectonic influence, evidence of
intensive carbonatization, chloritization, and possibly presence of talc (the rock
feels fatty on touch).

Siltstone
Gray, dark gray, carbonatized, with gray fine-grained sandstone intercalations
(20 cm max.)

Sandstone
Greenish gray, medium-grained, crushed, carbonatized, intensely chloritized. 10
cm partings of siltstones observed in the interval 105.0-106.4 m.

Siltstone arenaceous
Dark gray, possibly carbonified, with a 5 cm thick black coal parting, also rare
inclusions of, probably, coal.
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109.7-111.0 Coal - Bed Number 1
13 Black, in some places silicified, and crushed. Thin carbonaceous siltstone
partings are present starting at 110.4 m towards base.

111.0-115.8 Tuffaceous sandstone
438 Brecciated, medium-grained, bluish gray, with rock fragments 3 cm across,
chloritized, carbonatized, and, probably, affected by tectonics.

115.8-120.7 Welded tuff, rhyolitic tuff
49 Light gray, dense, hard. Ground mass: volcanic glass with quartz and
plagioclase phenocrysts. The rock is shattered, with chloritized and carbonatized
pores and fractures. Starting from 117.0 m - more dark rock fragments, in some
places making 10 percent of the whole mass.

120.7-132.0 Tuffaceous sandstone
11.3 Greenish gray, coarse-grained, dense, reaching 1 cm across. Fragments: slightly
rounded, angular. Starting from the interval 126.0 m the rock is shattered,
intensely chloritized, carbonatized, the rock fragments reaching 5-8 cm across.

(Stopped drilling before encountering Bed Number 2)
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Borehole 22
(elevation 1172 m)

0.0-18.0  Large clasts (gravel, boulders) of rocks having different composition - tuff

18.0 breccia, lava breccia, andesites, andesitic basalts, which are cemented by a
sandy-clayey material. Most of the fragments are highly ochered, chloritized,
carbonatized.

18.0-24.0  Dacitic lava breccia
6.0 Yellowish gray, crushed, shattered, represented mainly by gravel, the fragments

are highly ochered, chloritized.
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Borehole 23
(elevation 1240 m)

Boulders, gravel of rocks of different composition (andesites, basalts, tuff

breccia, lava breccia, etc.). The rock fragments are highly ochered, chloritized,
carbonatized.

Gravel, boulders of brownish gray rhyodacitic lava breccia; the fragments are
highly ochered, carbonatized, chloritized.
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Borehole 24
(elevation 1301)

Rhyodacitic lava breccia

Brownish gray, dense, hard, in some places fractured, in some intervals crushed,
fractures are ochered. The rock as a whole is carbonatized, consists of
fragments of rock and minerals, cemented by volcanic material (ash, glass).
Extrusive rock fragments are 3 cm across (some are 5-6 cm across), making 20
percent of the whole mass, most are angular, and rarely semi-rounded. Minerals:
dull plagioclase, semi-dull quartz, biotite, hornblende, separate ore mineral
grains.

Rhyodacitic lava breccia

Bluish gray, by microscopic composition analogous to the previous interval.
Dark extrusive rock fragments: 1 cm across, making approximately 10 percent
of the whole mass. The rock is carbonatized.

Rhyodacitic lava breccia
Grayish brown, analogous to the interval 18.0-54.0 m.

Tuff breccia

Bluish gray, in some places fractures are ochered and carbonatized. Cement
consists of volcanic glass and ash; rock fragments: angular, most are 1 cm
across, some - 3 cm. Minerals: plagioclase, quartz, biotite, hornblende, ore
minerals, carbonates, iron hydroxides. As a whole, the rock is carbonatized.

Tuffaceous sandstone

Greenish gray, dense, fine-grained, fractures are ochered, contains up to 5
percent rock fragments. Minerals: quartz, plagioclase, biotite. At 89.80 m - 3 cm
thick coal partings. Contains separate ore mineral (pyrite) inclusions and
phenocrysts, small coarse-grained tuffaceous sandstone and gritstone partings.

Silty carbonaceous shale
Dark gray, almost black, crushed, with partly crystalline coal partings. The rock
is carbonatized.

Arenaceous siltstone
Gray, fractures are carbonatized, intensely chloritized. In the interval 92.4-92.55
m - a coarse-grained sandstone parting, which is intensely chloritized.

Tuffaceous sandstone

Gray, greenish light gray until 93.3 m, fine-grained, with carbonatized and
intensely chloritized fractures. In the interval 94.5-94.6 m - a coarse-grained
sandstone parting - greenish gray, with a laminations, carbonatized, chloritized.
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97.1-99.0  Coal - Bed Number 1
1.9 Black, fractured, silicified with rare 3 cm thick partings of gray siltstone. Pyrite
is present. A sandy clay rock parting is present in the interval 97.4 - 97.5 m.

99.0-102.0 Tuffaceous sandstone

3.0 Greenish light gray, fine-grained, with medium-grained and coarse-grained
sandstone partings. The rock is fractured, carbonatized, with a weakly expressed
laminarity.

102-118.0  Tuffaceous sandstone

16.0 Light gray, dense, hard, with rock fragments 1 x 1 cm by size, fractures are

carbonatized.

(Stopped drilling before encountering Bed Number 2)
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Borehole 25
(elevation 1045 m)

Modern deposits, represented by fragments (boulders, gravel) of lava breccia,
tuff breccia, sands.

Sandstone
Yellowish gray, fine-grained. Cuttings are represented by dense, hard rocks. The
rock is carbonatized and ochered, consists of mineral debris and rock fragments.

Tuffaceous siltstone
Chestnut brown, with rare extrusive rock fragments. The rock is carbonatized,
possibly in some places chloritized.

Rhyolitic tuff, welded tuff
Pale green, with dark rock fragments. The rock is slightly chloritized and
carbonatized.

Tuffaceous siltstone
Dark brown, contains extrusive rock fragments. The rock is carbonatized and
chloritized.

Tuff breccia
Dense, hard, light gray, with dark rock fragments. Minerals: plagioclase, quartz,
rarely biotite. Dark extrusive rock fragments are also present.

Tuff breccia

Dense, hard, greenish gray. The extrusive rock fragments are angular, 2-3 cm
across. Minerals: quartz, plagioclase, rarely - biotite, possibly hornblende.
Volcanic glass is also present, which probably is a groundmass constituent. The
rock is carbonatized, in some intervals chloritized.
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3.0-29.7
26.7

29.7-40.5
10.8

40.5-40.55

0.05

40.55-43.1

2.55

43.1-44.9
1.8

44.9-59.2
143

59.2-60.4
1.2

60.4-64 .8
0.4

64.8-67.2
24

Borehole 26
(elevation 1103 m)

Dacitic lava breccia

Gray with a yellowish, brownish tinge; in some intervals crushed fractures are
intensely ferruginized, consists of fragments of rocks and minerals, cemented by
volcanic ash and glass. Extrusive rock fragments: angular, 1 cm across, in some
intervals making 10 percent of the whole mass. Minerals: plagioclase, quartz,
biotite, iron hydroxides, carbonates, chlorites. The rock as a whole underwent
strong tectonic reworking.

Tuffaceous sandstone

Bluish gray, friable, fractures are ochered (ferruginized). The rock is
carbonatized, chloritized, and in some intervals crushed; contains single dark
rock fragments 1 cm across. Minerals: semi-rounded quartz grains, plagioclase,
biotite. Starting from 39.0 m the grains are larger, and the rock is darker.

Coal - Bed Number 1 Rider
Black, dense, fractures are ochered.

Arenaceous siltstone
Greenish gray (chloritization), in some places dark gray, possibly carbonified,
laminated.

Coal - Bed Number 1
Brown, brown-black, fractured, in some places shattered and silicified; fractures
are carbonatized. Schistose. Pyrite grains.

Tuffaceous sandstone

Brecciated, friable, bluish gray, deformed, schistose, shattered. Rock fragments:
1 cm across, many are partly or completely substituted by chloritic mass. The
rock as a whole is intensely chloritized and carbonatized. Contains rare grains of
plagioclases, quartz, biotite.

Coal - Bed Number 2
Black, crushed, in some places silicified, crystalline; fractures are carbonatized.

Siltstone
Dark gray, possibly carbonified, laminated, with an apparent dip of about 15°
contains light gray, fine-grained sandstone partings.

Siltstone
Gray, at 65.3 m - a brown coal parting, 3 cm thick: dense, possibly silicified,
fractures are carbonatized.
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67.2-72.1  Arenaceous siltstone
49 Brownish gray, fractures and microfractures are carbonatized, in some places
chloritized; rounded quartz grains, plagioclases, biotite.

72.1-78.0  Welded tuff-rhyolitic tuff
59 Light gray, fractured, in some places chloritized; rock fragments: dark gray,
angular, 1 cm across, some are partly substituted by chloritic mass.
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W

30.5-30.55
0.05

30.55-32.2

1.65

32.2-32.4
02

32.4-325
0.1

32.5-33.0
0.5

33.0-35.0
20

35.0-38.8
3.8

38.8-40.5
1.7

40.5-42.4
1.9

42.4-43.5
1.1

Borehole 27
(elevation 1103 m)

Tuff breccia

Bluish gray, dense, hard, fractured in separate intervals, carbonatized. The
ground mass contains dark extrusive rock fragments and mineral grains.
Fragments: dark, dense, angular, most are 1 cm across, some are 3 cm across,
makes 5-10 percent of the whole mass. Many fragments are ochered. Minerals:
plagioclase, quartz, biotite, carbonate.

Coal
Black, dense, possibly silicified, along fractures and microfractures carbonatized.

Tuffaceous siltstone
Until 32.4 m - whitish gray, after - gray, dense, hard, fine-grained.

Clay shale
Greenish gray, in some places dark gray, possibly carbonified, carbonatized.

Coal
Black, crushed, possibly silicified.

Clay shale
Greenish gray, analogous to interval 32.2-32.4 m.

Tuffaceous sandstone
Strongly altered, brecciated, fractured, crushed, intensely chloritized,
carbonatized.

Tuffaceous sandstone

Greenish gray, fractured, in some intervals crushed, schistose. Dark extrusive
rock fragments are 0.5 cm across. Along the fractures the rock is carbonatized,
but as a whole intensely chloritized.

Tuffaceous sandstone
Light gray, dense, hard, fine-grained.

Andesite

Dark gray with a greenish tinge, with pyroxene phenocrysts, fractured,
carbonatized and chloritized along the fractures. Carbonate and chlorite veins
are 0.5 cm.

Tuffaceous sandstone
Greenish gray, medium-grained, in some intervals crushed, strongly chloritized,
containing individual rock fragments.
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43.5-43.6  Siltstone

0.1 Chestnut brown, with coal partings (0.3 cm).
43.6-44.4  Tuffaceous siltstone
0.8 Gray, dense, hard, fractures are carbonatized, in some places intensely
chloritized.

444-45.1  Tuffaceous sandstone
0.7 Dark gray, in some places greenish gray, carbonatized, chloritized; in the
interval 44.5-44.55 - a coal parting: dense, hard, with a visible bedding angle of
15-18°, weakly ochered, carbonatized.

45.1-47.35 Tuffaceous sandstone

2.25 Light gray, fine-grained, dense, in some places greenish due to chloritization.
47.35-47.45 Coal
0.1 Black, dense, hard, silicified, fractures are carbonatized.
47.45-48.0 Andesite
0.55 Greenish gray, dense, fractures are carbonatized, chloritized, with pyroxene
phenocrysts.

48.0-63.9  Tuffaceous sandstone
15.9 Brecciated, crushed, intensely chloritized, carbonatized.

63.9-64.7 Coal - Bed Number 2
0.8 Black, crushed, in some places silicified, fractures are carbonatized, with small
sandy-clayey rock partings.

64.7-66.0  Arenaceous siltstone
1.3 Gray, in some places dark gray, possibly carbonified, in some intervals has a
greenish tinge, fractures are carbonatized and chloritized.

66.0-72.5  Siltstone
6.5 Chestnut brown, in some places dense, fractures are chloritized, carbonatized.

72.5-90.0 Welded tuff - rhyolitic and rhyodacitic tuffs
17.5 Light gray with a greenish tinge; fragments: angular, 3 cm across.
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3.0-10.0
7.0

10.0-44.5
345

44.5-48.0
35

48.0-50.8
28

50.8-51.5
0.7

51.5-54.0
25

54.0-58.8
4.8

58.8-59.4
0.6

59.4-60.0
0.6

60.0-62.8
2.8

62.8-66.4
3.6

66.4-68.2
1.8

68.2-75.2
7.0

Borehole 28
(1148 m)

Tuff breccia
Cuttings are bluish gray; fragments of hard dense rock. Minerals include quartz,
plagioclase, biotite, individual fragments of ore minerals.

Rhyodacitic lava breccia

Gray with a chestnut brown tint; hard, dense, in some places fractured, ochered,
fracture surfaces are chloritized and carbonatized; in the ground mass occur
dark rock fragments and minerals; extrusive rock fragments are angular, 10 cm
across. Minerals: quartz, biotite, plagioclase.

Rhyodacitic lava breccia
Blush gray with the same mineral composition as above.

Rhyodacitic lava breccia
Brownish gray, analogous to interval 12.0-44.5 m.

Bluish gray lava breccia
Analogous to interval 44.5-48.0 m.

Brownish gray lava breccia
Analogous to interval 12.0-44.5 m.

Bluish gray lava breccia
analogous to interval 44.5-48.0 m.

Brownish gray lava breccia
Analogous to interval 12.0-44.5 m.

Bluish gray lava breccia
Analogous to interval 44.5-48.0 m.

Brownish gray lava breccia
Analogous to interval 12.0-44.5 until the interval 61.5, then fractured, ochered.

Bluish gray lava breccia
Analogous to interval 44.5-48.0 m.

Brownish gray lava breccia
Analogous to interval 12.0-44.5 m.

Bluish gray lava breccia
Analogous to interval 44.5-48.0 m.
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75.2-99.0
23.8

99-106.2
72

106.2-112.2
6.0

112.2-114.0
1.8

114.0-116.8
2.8

116.8-117.2

0.4

117.2-118.5

1.3

118.5-119.8
1.3

119.8-136.3

16.5

136.3-137.6

13

137.6-147.0
94

147.0-149.8
2.8

Tuff breccia

Greenish gray, dense, hard, in some places fractured, carbonatized along the
fractures; the ground mass contains rock fragments and minerals. Extrusive rock
fragments are dense, hard, angular, 2 cm across, some are ferruginized,
chloritized. Minerals: quartz, plagioclase, biotite, single ore mineral grains,
carbonates, chlorite.

Tuffaceous sandstone

Gray, light gray, dense, hard, with angular, semi-rounded rock fragments max.
0.5 cm across, making max. 5 percent of the whole mass. Minerals: quartz,
biotite, plagioclase, along fractures is carbonate.

Tuffaceous sandstone
Greenish gray, in some places friable, crushed, fractured, along fractures it is
carbonatized and chloritized.

Tuffaceous sandstone

Gray, in some places with a greenish tint, dense, hard, containing extrusive rock
fragments - angular, sometimes semi-rounded, making max 5 percent of the
whole mass.

Tuffaceous siltstone
Gray, in some places dark gray, fractured, slightly carbonatized.

Tuffaceous sandstone
Light gray, fine-grained, dense, hard, with rare coal inclusions and thin (max 0.3
cm) partings.

Coal - Bed Number 1
Black, in some places crystallized, silicified, along fractures carbonatized,
containing gray, dense, hard and fine-grained sandstone partings.

Tuffaceous sandstone
Light gray, dense, with thin coal partings, slightly striated at 12-15°.

Tuffaceous sandstone - tuff conglomerate
Brecciated, crushed, intensely carbonatized, chloritized, containing rock
fragments - rounded, partly substituted by chloritic mass.

Coal - Bed Number 2
Partly silicified, fractured, slightly carbonatized.

Siltstone
Gray, with dark gray siltstone partings, possibly with coal partings.

Clay shale
Light gray, crushed, in some places ochered, slightly striated at 15-18°.
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149.8-151.0 Tuffaceous sandstone

12 Light gray, dense, hard.
151.0-156.0 Siltstone
5.0 Chestnut brown, in some places the fractures are chloritized and carbonatized.
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— 1
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)

18.7-20.5
1.8

20.5-22 2
1.7

22.2-22.6
0.4

22.6-240
1.4

24.0-27.0
3.0

27.0-28.8
1.8

28.8-30.2
1.4

30.2-31.0
0.8

31.0-36.5
55

36.5-45.0
85

Borehole 29
(elevation 1110 m)

Modern deposits: sand, loam with rhyodacitic lava breccia fragments (gravel,
boulders) - yellowish gray, gray, including angular basic extrusive rock
fragments.

Siltstone
Dark gray, in some places greenish gray, crushed, ochered. The rock as a whole
is carbonatized, ochered.

Tuffaceous sandstone
Greenish light gray, fractures are chloritized and carbonatized.

Coal - Number 1 Rider

Siltstone
Dark gray, fractures are carbonatized and chloritized.

Tuffaceous sandstone
Brecciated, medium-grained, greenish gray.

Tuffaceous sandstone
Gray, dense, hard, fine-grained, fractures are carbonatized.

Coal - Bed Number 1

Tuff conglomerate
Greenish gray, extrusive rock fragments are 10 cm across.

Siltstone
Gray, in some places greenish gray, fractured, carbonatized, chloritized.

Tuffaceous sandstone

Gray, dense, hard, fractures are ochered, carbonatized. In some places the rock
is greenish gray, possibly due to chloritization. There are occurrences of single
rock fragments.

(Bed Number 2 found in trench.)
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21.5-64.4
42.9

64.4-93.9
295

93.9-94.5
0.6

94.5-96.1
1.6

96.1-97.4
1.3

97.4-99.2
1.8

99.2-106.6

7.4

Borehole 30
(elevation 1055 m)

Rhyodacitic lava breccia

Bluish gray, in some intervals (20 cm thick) chestnut brownish gray, dense,
hard, fractured, along fractures is ochered, carbonatized. Rock fragments are
cemented by volcanic glass and ash. Rock fragments are angular, max. 3 cm
across, represented by basic, intermediate extrusive rocks. The edges of some
fragments are ferruginized, chloritized. Minerals: quartz, plagioclase, biotite,
single ore mineral grains. '

Basalt

Dark gray, almost black, dense, hard, fractured, along the fractures is
carbonatized, in some places ochered, chloritized. Pyroxene phenocrysts stand
out in the groundmass. This rock most likely represents a sill.

Tuffaceous sandstone

Light gray, fine-grained, dense, hard, with rare rock fragments reaching 0.5 cm
across. Minerals: quartz, biotite. Single dark, black rock fragments with fibrous
texture, most likely silicified coal - dense, hard, 1 x 1 cm in size.

Tuffaceous sandstone
Gray, medium-grained, dense, of medium hardness, by composition analogous
to the previous interval. The rock is carbonatized, less chloritized.

Siltstone
Dark gray, carbonatized, in some intervals crushed.

Conglomerate (tuff conglomerate)

Clasts are 1 x 1 cm in size, rounded, represented mainly by extrusive rocks
cemented by a sandy mass. Many clasts are partly, sometimes completely,
substituted by chloritic material. The rock is carbonatized.

Clay shale
Gray, in some places dark gray, fractured, along fractures carbonatized, with
max. 20 cm thick conglomerate and sandstone partings.

Siltstone :

Brown, in some places greenish gray, with 20 cm thick coarse-grained gray
sandstone partings. The rock is fractured, along fractures chloritized,
carbonatized.
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106.6-109.7 Tuff breccia-Tuff conglomerate
3.1 Rock fragments are semi rounded, poorly rounded, rarely angular, 2 cm across,
some are 7 to 8 cm across. The rock is carbonatized. Many fragments are
partly, some completely, substituted by chloritic material. Down to 106.5 m the
rock is pinkish gray, then greenish gray.

109.7-110.4 Tuffaceous sandstone
0.7 Gray, with rare fragments of extrusive rocks, 0.5 x 0.5 cm in size, some are 3 x
3 cm. Dark gray extrusive rock fragments. Minerals: quartz, biotite.

110.4-111.0 Tuff conglomerate
0.6 Multi-colored, different rock fragments, partly chloritized, carbonatized.

111.0-123.0 Tuffaceous sandstone
12.0 Gray, in some intervals greenish gray, dense, hard, in some places fractured,
along fractures carbonatized, chloritized, in some places highly ferruginized.
Minerals: quartz, biotite.

(Coal probably replaced by dikes.)
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20.8-21.3
0.5

21.3-225
12

22.5-23.7
1.2

23.7-42.0
18.3

42.0-51.0
9.0

Borehole 31
(elevation 1040 m)

Tuff, Rhyolitic welded tuff

Yellowish gray, in some intervals bluish gray, dense, hard, fractured, along
fractures highly ochered, carbonatized. Rock fragments and mineral grains are
cemented by a volcanic material (glass, ash). Extrusive rock fragments: angular,
max. 2 cm across. Minerals: plagioclase, quartz, biotite.

Tuffaceous sandstone

Bluish gray, dense, of medium hardness, with 1 x 1 cm rock fragments; there are
some inclusions of coal (0.5 cm x 0.5 cm). Along the fractures the rock is
carbonatized, in some places chloritized.

Coal - Bed Number 2
Black, weathered, fractured, crushed, fractures ochered, with some dense, hard
possibly silicified inclusions.

Tuffaceous sandstone
Bluish gray, medium grained, crushed, fractured, along the fractures highly
ochered, carbonatized, extrusive rock fragments are 1 cm across.

Tuffaceous sandstone
Pinkish gray, dense, hard, fractured, in some intervals crushed, highly ochered.

Andesite

Bluish gray, dense, hard, in some intervals fractured, along the fractures
ochered, carbonatized. The groundmass includes pyroxene phenocrysts,
plagioclase.
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3.0-27.0
4.0

27.0-32.5

55

32.5-36.4

39

36.4-40.5

4.1

40.5-45.4
4.9

45.4-49.3
3.9

49.3-50.5
12

50.5-55.5
5.0

55.5-56.5
1.0

Borehole 32
(elevation 970 m)

Modern deposits (sand, loam with lava breccia boulders and gravel).

Tuff breccia

Brownish gray, dense, hard, with rock fragments max. 1 x 1 cm in size.
Minerals: quartz, plagioclase, biotite. The rock is fractured, along the fractures
carbonatized, ochered.

Siltstone
Greenish gray, crushed, fractured, along the fractures weakly carbonatized; rare
quartz grains.

Siltstone
Chestnut brown, crushed, fractured, along the fractures is carbonatized.

Tuffaceous sandstone
Gray, brecciated, crushed, carbonatized, containing rock fragments which are
partly substituted by carbonate.

Tuffaceous sandstone
Light gray, dense, hard, with 2 x 2 cm extrusive rock fragments.

Coal - Bed Number 1
Black, in some places dense, possibly silicified, carbonatized; some fragments
have a weakly expressed fibrous texture.

Siltstone

Gray, in some places dense, with partings of sandstone of different grain size
(fine- to coarse-grained). The rock is crushed, fractured, carbonatized,
chloritized.

Rhyolitic tuff
Brownish light gray, dense, hard, fractured, along the fractures is ochered, some
intervals are carbonatized.
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Appendix B

Borehole Descriptions, in Russian, from the

Antaramut-Kurtan-Dzoragukh Coal Field



CxkBaxxuna 1 (1497)

0.0-6.0
6,0

9.0-19.0
10,0

19.0-150.0
131,0

AHAE3UTBHI TEMHO-Cepble, cepble, MeCTaMU C 3eA€HOBATLIM
OTTEHKOM. B 0CHOBHOM Macce HaOAIOAGIOTCA (PEHOKPHUCTAAADI
IAQrMOKAA@30B, NUPOKCeHOB. [Topoapa KapOOHATU3MPOBaHa, MeCTaMH
XAOPHUTH3HUPOBAHA.

TydonecyaHMKM cepoBaTO-KOpUYHEBBIE, KOPUYHEBBIE, MEAKO- U
cpeatesepiiucrbole. OOAOMKM 11OpOA M MHMHEPAAOB OKarlauliblec KU
IIOAYOKaTaHHbIE, pe’Xe yrAoBaThle. PazMephbl, B OCHOBHOM, He
NPEBBLIIIAIOT 1CM B IONEpEeYHHKE.

AHAE3UTH TEMHO-Cepble, aHaroTuYHbIe uHTepBaAy 0,0-6,0.

AHAE3UTHI, aHAE3UTO-0a3aAbThl TeMHO-cepble. 11InaM IIpeAcTaBAEH
0OAOMKaMU NAOTHOU TBEPAOU NMOPOABI. B eAMHUYHBIX KPYIIHBIX
0OAOMKaxX IIAaMa HAaOAKOAQIOTCS KPUCTAAABI IUPOKCEHOB,
aMmhuboroB, a Takxke 6echopMernnble 06pa3oBalivg KapHbonaTos.
OOAOMKHM OCHOBHOI MacChl IpeACTaBAEHbI TEMHO-CEPBIM
BYAK@HHUYECKUM CTEKAOM.

Ha oTAeAbHBIX MHTEpPBAAAX HAOAIOAQIOTCS HPOCAOMKU (MOUIHOCTBIO
Ao 1,5-2M) Tydollec4aHUKOB CepbIX C KEATOBATbIM OTTEHKOM, B
COCTaBe KOTOPBIX HAOAIOAQIOTCSA OOAOMKU BYAKAHHYECKOTO CTEKAQ,
HOAEBBIX IUNATOB, peXe IUPOKCEeHOB, aM(MUOOAOB, CAIOA U KBaplia.



CxBaXHuHa 2 (1512)

0.0-101.,0
101,0

101,0-142,0
41,0

142,0-148.0
6.0

148,0-224,0
76,0

TydoOpeKdynn 3eAeHOBAaTO-Cephblie, MeCTaMHU CUHEeBAaTO-3eAeHbIe,
naoTHbie. 1IraM npepcTaBAeH OOAOMKAMM TOPHBIX IIOPOA-

3¢ dy3UBOB U MUHEPAAOB: IAATMOKAA3bI, KBapll, OUOTHT,
BO3MOJKHO, poropasi ooMaHKa. Takke HabArOAQIOTCS OOAOMKHU
BYAKa@HMYECKOIO CTeKAa, KOTOpO€, IO BCEeM BHAMMOCTH, CAaraer
oCHOBHYIO Maccy. I'Topopa, B iearoM, KapOoHaTH3UPOBaHa, MeCTaMHu
XAOPWUTHU3HUPOBaHa.

TythonecyaHHKH cepble, MECTAMH CO CAAOBIM 3eA€HOBATHIM
oTTeHKOM. 1o cocTaBy @aHAAOIMYHBI BBILIIEOIMCAHHOMY MHTEDBAAY.
Mectamu nopoaa oboxpeHa.

Tyd pHOAMTOBOTO COCTaBa, IIAAM >KEATOBATO-Cephbiid. [lopoaa
IINOTHA&S!, TBEPAAS C PEAKMMH OOAOMKAMM TOPHBIX IOPOA-

3¢ dy3uBoB. M3 MrHeparoB HaOAIOAQIOTCS MAAGTHOKAA3BI, OMOTHT,
peXxe kBapl,. HabaroparoTcs 0OAOMKM BYAKGHHUYECKOTO CTEKAQ.

Tythobpekunn, TypOKOHTAOMEpATHI Cepbie, MEeCTaMH C
3eAeHOoBaThIM OTTeHKoM. [IIram nmpeACTaBAECH O0OAOMKaAMH HAOTHOﬁ,
TBEPAOW IOPOABI, CAOKEHHOM 3epHAaMU MUHEPAAOB M F'OPHBIX
IOPOA, IO BCeH BUAMMOCTH, CILEMEHTHPOBAHHBIX BYAKAHMYECKUM
CTEKAOM H nenaom. M3 MHHEPAAOB HaﬁAIOAaIOTCﬂ IIOAYOKAaTaHHbIE
3epHa IOAEBBIX IIIIATOB, KBapua, OMOTHTA.



CxkBaxunHa 3 (1488)

3,0-64.0
61,0

AaBoOpEKYMU AQIIUTOBOTO COCTaBa, cepble, Oypo-cephle. Hlram
NpeACTaBAeH OOAOMKaMM IAOTHOM, TBEPAOU IIOPOAHI,
Kap60OHaTU3UPOBAHHOM, HA OTAEABHLIX MHTEPBAAAX
XAOPUTU3UPOBaHHOM, 060XxpeHHOM. [TopoAa, BepoSITHO, CAOKEHA
0OAOMKaM¥ TOPHBIX NOPOA U MHHEPAAOB, CLIEeMEHTUDOBaHHBIX
OCHOBHOHM MAaCCOH, COCTOsIlIlEeN U3 BYAKGHHUYECKOIO CTeKAa U IellAa.
OOAOMKHM TOPHBIX NOPOA-3(HY3UBOB YrAOBaThIE, peXe
crabookaTaHHble. 13 MUHEpaAOB HAOAIOAGIOTCS KBapll, OAEBbIe
LINaThl, pe’Xe OMOTHT, BO3MOKHO, aMPuOOAbl. EAMHHAYHBI 3epHa
PYAHOI'O MHUHEpaAa.



CxBaxuHa 4 (1440)

3.0-22.0
19,0

26.0-26,6
0,6

26,6-28.9
2,3

28,9-48.0
19,1

48,0-64,0
16,0

64.0-65,7
1.7

65.7-66,4
0,7

66.4-66,6
0,2

TydonecyaHUK, TydoareBPOAUT OypoO-Cepblid, MecTaMH, C
3eA€HOBaThIM OTTEHKOM. OOAOMKU NAOTHOH, TBEPAOH IOPOABI, IO
BCeN BUAMMOCTHU, TPELIUHOBATON, 10 TpeluHaM oOOXpEeHHOH, CO
CKpBITO- U MEAKO3EPHUCTON CTPYKTypoH. HabaroaaroTcs 06AOMKHU
TBEPABIX [IOPOA-3(hPY3UBOB U MUHEPAAOB: KBapI], MAGTHOKAA3HI.
IMopoaa caerka KapOOHAaTU3HUPOBaHa.

TydonecuaHUK 3eA€HOBATO-CEPBIA, CPEAHE3EePHUCTHIN, TAOTHBIH,
TBEPABIN, TPEIIUHOBATHIY, [0 TPeII¥HAM UHTEHCUBHO OB0OXpEH,
KapOOHATHU3UPOBAH, XAOPUTU3UPOBAH. MUHEpAaAbI: TIAATHOKAA3bI,
KBapll, peAKue yellyukyd OUOTUTa.

YTAUCTLIV CAaHeIll TEMHO-CEPBI, MECTaAMH C 3€A€HOBATHhIM
OTTEHKOM, TPEIHHOBATHIHM, 110 TpeluluHaM KapboHaTH3UPOBAaH, Ha
OTAEABHBIX y4acTKaX XAOPUTHU3UPOBaH, 0O0OXpeEH.

Ty oareBpOAUT 3eAeHOBATO-CEpbIY, MAOTHBIM, HA OTAEABHBIX
y4aCTKaX pa3ppOOAeH, HHTEHCUBHO TPEIWHOBAT, [0 TpeljuHaM
0060XpeH, KapObOHATH3UPOBAH.

Tydobpexkuud, TY(POKOHrAOMeEPAThl 3€A€HOBATO-Cepble, TTAOTHAIE,
TBepable. OBAOMKH TOPHBIX NOPOA-3@(Y3UBOB YTAOBaTHIE, pesKe
MMOAYOKaTaHHBIE, pa3MepoM A0 2x2cMm. U3 MUHepanoB
HaAOAIOAQIOTCS KBApl], TAGTHOKAA3bl, OUOTHUT, poroBasi o6MaHKa.
[Topoaa TpelMHOBATA, IO TpelMHaM-KapOOHaTU3UMpOBAHaA.

Tydobpexuuy, TYPOKOHTAOMEPAThl TEMHO-Cephle, TIAOTHBIE,
TBepAble, TPEIUHOBAThIe, IO TpeIIMHaM KapOOHAaTU3UPOBAHI.
OBAOMKM TOpHBIX NIOPOA YrAOBaThHE, pazMepoM A0 0,5cm. Mioruc
n3 1mux OGOXPOHTJ, KGDGOIIGTHRHDORRUTJ.

Tyd AauUTOBOrO COCTaBa, CBETAO-CEPHIN, MAOTHBINH, MecTaMH
TPEIINHOBATHINA, 10 TpeluHaM 060XpeH, KapOOHaTU3UPOBaH.

TydonecuaHuK CBeTAO-CepbIM, Ipy603epHUCTLIA C OOAOMKaMU
rOpHBIX TOPOA, (A0 5% OT oblllelt Macchl), pa3aMepoM A0 3 CM B
IonepevyHtKe, TPEIIUHOBATLIM, IO TpeliuHaM 0B0XpeH,
KapBoHaTHU3UpOBaH.

IlecuaHMK cepbll, TPYOO3EpPHUCTHIN, pPa3apobAeH, 060XpeH,
KapboHaTU3UPOBAH.



66.6-66.8
0,2

66.8-72.0
5,2

72.0-73,2
1,2

73.2-74,7
1,5

74.7-75,1
0.4

75.1-86.0
10,9

YTAUCTBIA CA@HEI, TEMHO-CEPbIN, IAOTHBIN, TBEPABIY, BO3MOIKHO
OKpPEMHEeHHbIH, C TOHYaNUIMMHU AMH304YKaMH YTAA (A0 IMM).

[TecuaHHK 3eAE€HOBATO-CEPBIN, CPEAHE3EePHUCTBIN, pa3ApPOOAEHHBIH,
HepeMﬂTbIﬁ C OKaTaHHBbIMH, IOAYOKAaTaHHBIMH OOAOMKaMH TOpHBIX

nopoA-3dy3UBOB, pa3MepoM A0 1-2¢cM.

Tydonecyanuk, TyokoHIAOMepaT 6 peKYMpOBaHHbBIM, IIepeMSThIH,
pa3apobAeHHBIHN, C OKAaTaHHBIMUA OOAOMKAMM IOPHBIX IIODOA,

(a0 2x2cMm). TToposa MHTEHCUBHO KapOOHATU3UPOBaHaQ,
XAOPUTHU3HUPOBAHA.

YTOAb YepHbIH, pa3pApPOOACHHBIH, TPEUIUHOBATHIH, N0 TPELIMHAM
KapBGOHATH3HPOBaH, MeCTaMU OKpeMHeH. HabAIOAQIOTCS TIPOCAOUKH
CBETAO-CEpPBIX aA€BPOAUTOB.

AAEBDPOAMT cepbi, IAOTHBIN, TPEIIMHOBATLIM, IO TpelluliaM
KapOoHaTH3UpoOBaH. [lepecranBaeTcd co cpepHe- U
MeAKO3epHHUCTBIMH IlecyaHUKaMu. [lopoaa, MecTamy,
XAOPHUTHU3UPOBAHA.

TydoareBpoAuT 6ypo-KOPHAYHEBBIN, IO TpelllMHaM
KapOOHaTU3UpPOBaH, XAOPUTHU3UpOoBaH. HabaropaeTcs caabas
CAOHMCTOCTb. MecTaMy, IOpoAa nepeMsaTa, pa3pApoOAeHa.



Cksaxuna 5 (1400)

3.0-40.0
37,0

40,0-57.0
17,0

57.0-66,0
9,0

66,0-108.0
42,0

108.0-144.7
36,7

I'Auabl, necku. [1IraM KOpUYHEBBIM, TAMHHCTOrO cocTaBa. B
eAMHUYHBbIX OOAOMKAX HAOAIOAQIOTCSA 3AEMEHTHI CAOMCTOCTH.
ITopoaa XpymnKas, BO BAQJKHOM COCTOSHHH- MAACTHYHASA, COAEPKUT
06AOMOYHBIM MaTepuaa (ApecBa, mebeHs) Ao 10% oT obiged Macchl.
MecTtaMy, HabBAIOAQIOTCS XAOPUTH3UPOBAHHbIE y4acTKU. VHTepBaa
13.0-15,0M- m1Aa@M CBETAO-Cepblil, 0OOAOMKM CBETAO-CEPOU NAOTHOM
IIOPOABI, BO3MOXXHO- I'Abi0a AaBOOpeK4YUH.

Ty obpekuus CBETAO-cepasi, MAOTHasA, ¢ 0OAOMKaMM TOPHBIX
nopoa-3¢@y3uBoB. OOAOMKH YTAOBAaTHI, IOAYOKaTaHHbBI, pa3MepoM
AO 2x2cM. HabaropaeTcst crabasi HanpaBAEHHOCTb PAcllOAOKEHUS
0OAOMKOB ¥ MUHEeDPAaAOB (KBapIy, IAAruokaassi). [Topoaa
KapOoHaTH3UpOBAHA.

Tydbl pHOAMTOBOIrO COCTaBa, JKEATOBATO-Cepble, IIAOTHHIE,
TpelnuHOoBaThie, MO TPeUIWHAaM WHTEHCUBHO OOOXpeHH!,
KapboHaTH3UpOBaHbl. V13 MuHeparoB HabOAIOAQIOTCSI 3€pHa KBapla,
MMOAEBbIX IIIATOB, XAOPUTA. EAMHUYHBI HaAeThl KPacHOTO
MUHepaAa, BO3MO’KHO, KUHOBApH.

Tydobpekunu cephle, IAOTHBIE C OOAOMKAMH TOPHBIX MOPOA.
OO0AOMKHM IIOpOA YTAOBaTBIE, pa3MepoM A0 1cM B monepeyHuke. M3
MHHEeparoB HabOAOARIOTCA KBapll, IAATUOKAA3, EAMHHUYHBI YelIYHKHA
6uoTHuTa. [lopopa TpeuluHOBaTas, 10 TpeuruHaM
KapboHaTu3upoBaHa, 06OXpeHa.

AAEBPOAUT KOPHUYHEBBIM C OKATAaHHLIMH OOAOMKAMHM I'OpIIbIX
IIOPOA, , MECTaMU C IIPOCAOMKAMHU IpyGO3epHUCTOrO ITecyaHuKa. Ha
OTAEABHBIX MHTepBaAaX MopoAa pPa3ppoOAeHa, TPEUIMHOBAaTa, IO
Tpell¥HaM KapOOoHaTU3upoBaHa, XAOPUTH3WpOBaHa. EAMHUYHEI
obaoMKHU 3epeH KBapua. OOAOMKHY rOpHbBIX HOpPOA-3(y3uBOB Ha
OTAEABHBIX y4acTKaX coCTaBASIIOT A0 30% oT obuiedt Macchl,
AocTurasi B noiepeuuke 10cM.



CkBaxuHa 6 (153)9)

4,0-13.0
9,0

13.0-68.0
55,0

68.0-78.0
10,0

78.0-88.0
10,0

88.0-108.0
20,0

TydoOpexkuun kopuuHessble. [llnamM nTpeACcTaBAeH XPYTIKUMH, BO
BAGKHOM COCTOSTHHM- IAQCTUYHBIMU O0OAOMKaMHU. X MuHepaAoB
HaOAIOAQIOTCS KBapli, IIOAEBbIE IINAThI, YEIIYUKU XAOPHUTA,
cepunmra. TakXe H1abAlopAatoTCss cAabooKaTaHIIble 0OAOMKM I'OPHLBIX
nopoA-3¢ddy3uBoB. Ilopopa KapboHaTU3UPOBAHA,
XAOPHUTU3HUPOBAHA.

Tydobpekuun cepble, MeCTaM# 3eAeHOBaTO-cepble. [1o Bcelt
BUAMMOCTH, UHTEHCUBHO TEKTOHWUYECKH IlepepaboTaHbl, 0 4eM
CBHAETEABCTBYeT WHTeHCHBHAA KapOoHaTU3allMsd, XAOPUTH3allus,
0BOXPEHHOCTh NOPOABI, OOABLIOE KOAMYECTBO BTOPUYHBIX
MUHEPAAOB (KBapll, XAOpPUTHI, KapboHaThl). B HeKoTOpbIX 06AOMKaX
IIIAaMa HaOAFOAQIOTCS BKPAIAEHHUKHU CYAB(PUAOB.

BazaabT. llIrnaM npeACTaBA€H OOAOMKAMY NAOTHOM NIOPOABI, TEMHO-
Cepoif, CO CKPBITOKPHUCTAAWYECKOUN CTpYKTypoH. HabAroparoTcs
peAKHe OOAOMKY BKPAIA€HHUKOB IIHPOKCEHOB, IIAArHOKAA30B.

Tydobpekunu ceprle, MECTAMU 3eA€HOBaTO-Cepble, II0 COCTABY
aHaAOTMYHBLI WHTepBaay 13,0-68,0.

Tydob6pekuuu, TydonecdaHUKH cephle, HIAOTHDLIE, HA UHTEPBAAE
94,0-101,0- o>xxenesHeHbl. M3 MuHepanroB HabAIOAQIOTCS KBapl,
TIA@TMOKAa3bl, peke 6uoTUT. [lopopa KapOoHaATH3HWpPOBaHa, MeHee
XAOPUTH3UPOBaHA.



CkBaxunHna?7 (1590)

3.0-15.0
12,0

15,0-80.0
65,0

80,0-122,0
42,0

122,0-153.0
31,0

153.0-184.0
31,0

184,0-202.0
18,0

202,0-264,0
62,0

TydoOpeKkunu cBeTAO-Cepble ¢ OYpBIM OTTeHKOM. lllraM
IpeACTaBA€H OOAOMKAMH TBEpPAOM, IAOTHOM IOPOAbI, CAOKEHHOM
3epHaM¥ T'OpHBIX NIOPOA-3®(Y3UBOB 1 MUHEPAAOB: KBaplj,
[IAQTHOKAa3bl, TEMHble aM(PUOOABL.

Tydobpekunn 3ereHOBATO-Cephle, IAOTHBIE, TBepAble. BeposiTHO,
0OAOMKY T'OpHBIX NOPOA-3(Yy3UBOB U MHUHEDPAAOB
CIleMEeHTHPOBaHbl OCHOBHOM MacCOW, IpeACTaBA€HHOU
BYAK@HUUECKHUM CTEKAOM M IelAOM. MHuHepaAbl: KBapij,
TIAATMOKAA3bl, peyke GHOTUT, BO3MOJXKHO, poroBasi o6manka. [lopoaa
KapboHaTu3npoBaHa, Ha OTAGABHBIX yYaCTKaX XAOPHUTH3MPOBalia,
oboxpeHa.

Tydobpexkyuu cBeTAO-Cepble, OOAOMKH IAOTHOHM IOPOABL, CpEeAHEH
TBepAOoCTU. HabAroaar0Tcst 0OAOMKY FOpHBIX NOPOA-3(Py3UBOB
OCHOBHOTrO cocTaBa (A015%) U MUHEpaAOB: KBapll, NAGTHOKAA3HI,
pexe 6moTuT. [Topopa KapOboHATU3UPOBaHa, Ha OTAEABHBIX
MHTEPBAAAX-XAOPUTHU3UPOBAHA, OJXKeAe3HeHa.

Tyd pUuOAMTOBOro cocraBa, CepblH, C pO30BbIM OTTEHKOM. OOAOMKH
IIAOTHOM NOpoAbl. EAMHUYHBI OOAOMKHU KBaplia, 6MOTHUTA.

BazaasT TemHO-cepbiii. O6AOMKH IIAOTHOHM, TBEPAOHN NOPOABI, CAABO
KapOOHATH3UPOBAHHOMN C OTAEABHBIMH OJKeA€3HEHHBIMHU
y4acTKaMu. EAUHUYHBI OGAOMKH IIAGTHOKAA30B, BO3MOJKHO,
OMPOKCEHOB, a TakK)Xe OOAOMKHU OCHOBHOW MacCCHhl, IIpeACTaBAEHHOM
BYAK@HHUUYECKHM CTEKAOM.

Tydobpekyuu KOpHUYHEBATO-Cepble, MECTAMH C 3€A€HOBATbHIM
OTTeHKOM. OBGAOMKH IOAOTHOM MOPOABI CAa00 KapOOHATH3UPOBAHDI.
HabaropatoTcsi OOAOMKH FOPHBIX TOPOA-3(Py3uBOB (A010%) 1
MHHEPAAOB: KBapl, IAAriOKAa3, OUOTHT.

Tydel, TydoOpeKunn 3eAeHOBATO-Cephbie, NAOTHLIE, TBEPABIE.
HabaroparoTcsi 0OAOMKH FOPHBIX HOPOA-3(p(dY3UBOB, MHUHEPAAOB U
BYAKATTICCKOTO cTeKAa. [Topopa caabo kapboniaTuiuponaria,
eAUHUUYHBbIe OOAOMKU- OOOXPEHHBI.



CkBaxuHa 8 (1507)

3.0-18.0 Ty®sl puoauToBoro cocrasa. llIanaM cBETAO-CepPBIM C JKEATOBATHIM
15,0 oTTeHKOM. OBGAOMKH NOPOABI MHTEHCHUBHO pa3ApoOAeHHI,

KapOOHaTU3UpPOBaHbI, MecTaMH OXeAe3HeHbl. HabAroaAa0TCS
0OAOMKM IOpPHBIX IIOPOA U 3€epHa MHUHEPAaAOB: KBapla,
IIAATMOKAa30B, OMOTHUTA.

18,0-25,5 ANEBPOAUT Cepbll, TEMHO-CePbIH, pa3apobaeHHbId. 1o Tpemunam,
7.5 MUKPOTpeIIWUHAaM MOopoAa KapOOHATU3UpOBaHa. EAMHWYHBI 3epHa
KBapua. HabAroaaloTcss TOHKHE MPONAACTKHM YTAUCTOTO CA3HLA.

25,5-27.3 Ilecyanuk cepbll, MEAKO3EPHUCTBIN, pa3pApOOAEHHBIN C eAMHUYHOM
1,8 IIPOIIAGCTKOM YTAsi MOLIHOCTBIO 2-3MM.

27.3-34,0 [TecyaHHK CepbIH, IO COCTaBy @HAAOTUYHBIN BBHIIIEONUCAHHOMY, HO
16,7 6e3 IIPU3HAKOB YIAA.

36,0-37,0 [TecyaHUK KOPUYHEBBIA, MEAKO3EPHHUCTBIA, PACCAAHIIOBAHHbIH,
1,0 pa3ApOOAeHHBIM C TOHYAMIIMMU IPOCAOMKAMHU YTASI, MOLIHOCTBIO
HeCKOAbKO MM. [lopoaa KapOoHATU3UpPOBaHa, MeCTaMH
XAopuUTH3UpOBaHa. HabaropaeTcst caabasi CAOUCTOCTG.

37,0-37.3 TydonecyaHUK CBETAO-CEPHIN, C peAKMMU 00AOMKaMM OPHBIX
0,3 nopoA. HabaroparoTcs okaTaHHBIE 3epHa KBaplia, IAArOKAa30B,
peAKye yellyiKu 6uotuTa. HabatopaeTcss crabasi CAOMCTOCTS.

37.3-39.9 [TecuaHuK KOpUYHEBbIH, MEAKO3EPHUCTBIN, HA OTAEAbHBIX
2,6 WHTepBarax-rpybosepHUCTbId. HabaropaeTcst caabasi CAOUCTOCTSD C
YIAOM HalAQCTOBaHMUs 12

39,9-57.7 TydonecyaHUK 3CACHOBATO-CEPDIM, IAOTHBIM C OOAOMKAMH
17,8 3 y3uBHBIX IOpOA, pasmepoM A0 2x2cm. [Topoaa mo TpemmsamMm,
MUKpOTpellliHaM KapOoHaTHU3UpOBaHa. 13 MUHepaAoB
HabOAIOAQIOTCS KBapll, IIAGrHOKAA3El, peAKUe YellyiHKHU OMOTHUTa.
ITopoaa Ha OTAEABHBIX y4acTKaX pa3apoOAeHa, IepeMsTa.

57,7-59.0 INMecuanuk OypoO-KOpUYHEBHIM, MEAKO3EeDHUCTHIN, MeCcTaMH
1,3 KapOoiaTH3HpOoBail; XAOPUTH3UPOBAIl, OKBAPIOBAll, pasApoOACl.
Habatopatorcss eAMHMYHble ITIOAYOKaTaHHbBIE 3epHa KBapla.

59,0-81.0 Tydonecuanuk. llIrnaMm 3ereHOBaTO-cepblii. HabAroparoTcss KBap,
22,0 IIA@TMOKAa3bl U OOAOMKHU TIOPHBIX ITOpoA. ITopoaa
KapboHATU3UPOBAaHA.



81.0-87.0
6,0

87,0-114.0
27,0

1140-117,0
3,0

117.0-122,0
5,0

TydonecyaHUK poO30BaTO-CEpbIN, IIAOTHBIM, TBEPABIH,
CpPeAHEe3epHUCTBLIH, Ha OTAEABHBIX Y4aCTKaX-rpyb03epHUCTHIH, C
YTAOBAThIMHU 06AOMKaMu 3P @y3uBHBIX ITopoA. I3 MuHepanoB
HabAIOAQIOTCSI 3epHA KBapla.

Tydonecuanuk 3eaeHoBaTo-cepbid. [llaaM npeacTaBAeH 0oOAOMKaMH
IIAOTHOM MOPOABI, KOTopasi KapboHaTu3WpoBaHa. i3 MHHepaAoB
HaOAIOAQIOTCS KBapll, OMOTHUT, @ TaKKe TeMHbie OOAOMKH,
BO3MOJ>XHO, POrOBOM OOMAaHKH.

[MTecyanuk. llIraM npepcTaBAeB 0OAOMKaMu OypoO-KOpHYHEBOH
IIAOTHOM HNOPOABI C €AUHHYHBIMHA OOAOMKaMU TEMHBIX F'OPHBIX

nopoA-3¢dy3uBoB. HabAroAaIOTCA 3epHa KBapna.

TydonecyaHHK 3€A€HOBATO-CEPHIH, IO COCTaBy aHAaAOTHMYeH
uuTEpBaAy 87,0-114,0.
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CkBa>kxuHa 9 (1326)

3.0-22.0
19,0

22,0-23.8
1.8

23.8-24.0
0,2

24,0-24.8
0.8

24,8-27.0
2,2

27,0-27.4
0,4

27,4-30,0
0,6

30.0-33.0
3.0

33.0-37.0

4,0

37,0-56,8
19,8

56.8-64.0
7.2

Tydobpexunu KopUYHeBaTO-CepPEIe, TAOTHBIE, TpEllMHOBaThIe, C
YIAOBATBIMH OOAOMKAaMM TOPHBIX OPOoA. [Topoaa CHABHO
KapOOHATHU3MpOBaHa, XAOPUTHU3UPOBaHa, OKeae3HeHa. 13
MUHEPAAOB HAOAIOAQIOTCS KBapll, TOAeBble IINaThl, OMOTHT.

[TecuanMK cepblf, CpPEAHE3EPHUCTHIN, KaPOOHATU3HPOBAHHDIH,
MeCTaMM OKBapllOBaH, OJKEeAe3HEeH, XAOPUTHU3UPOBaH.

I[TecyaHUK, aHAAOTUUHBIA BBIIIEOITUCAHHOMY C TOHKUMH
HpOCAOﬁKaMH YIAsI- TBEPAOro, BO3MOJXKHO, OKPEMHEHHOTO.

TydonecuaHUK 3eAeHOBATO-CepbI OpeKYUPOBAHHbIH,
pa3ApoOAeHHBIM, KapOOHATU3UPOBaHHbBIM, XAOPUTH3UPOBaHHbLIH.

AAeBpOAUT OypO-KOPHUYHEBBIM C EAMHUYHBIMU 3epHAMU
obaoMOUHOTO MaTepHaaa. Ilopopa pazapobaeHa,
Kap0OotlaTu3upoBala, XAOpUTU3UpOoBailia.

YTroAb YepHBIU, PBIXABIY, IE€PEMATHIN C IPOCAOUKAMH AAE€BPOAUTOB.
HabAroaalOTCsT Kak TBepAble, BO3MOJKHO, OKpeMHEeHHble 0OAOMKHY,
TaK U yTOAbHas caka.

TydonecuaHnuK 3eA€HOBATO-CePbIN, MEAKO3EepPHUCTDIH,
pa3ApoOAeHHBIM, HHTEHCUBHO KapOOHATU3UPOBaHHBIH,
XAOPUTHU3UPOBAHHBIN.

I'rnuHa GypoBaTo-cepasi, C eAMHUYHBIMH OGAOMKAaMH
IIOAYOKaTaHHBIX 3epeH KBaplla, IAariOKAa30B, @ TakKkKe OOAOMKOB

TOPHBIX IIOPOA.

AAeBpOAUT OYpO-KOPHUYHEBLIM C €ANHUYHLIMHA 3€pHAMU
obaoMouHOro Marepuara. [lopopa pazppobareHa, mepemsTa,
WHTEHCUBHO KapOOHATHU3UPOBAHA, XAOPUTHU3UPOBAHA, MeCTaAMU
oXeae3HeHa. EANHWYHBI OKaTaHHBLIE NTIOAYOKATaHHBLIE 3epHA
KBapua.

Tychobpexkunsi AAIIUTOBOTO COCTaBa, CBETAO-KOPUYHEBAs, MAOTHas,
TpelimioBaras, CUAbHO Kap6011a'1'u3up05aﬂa, XAODPpHUTH3IUDpOBaHA,
OTAEABHBIM yYaCTKU- OKeAe3HEeHHl. V3 MUHeparoB HAOAIOAQIOTCS
KBapl, IAAGrMOrAassbl, poroBas oOMAaHKAa, PEAKHe YelIYHKU OHOTHUTAa,
OOAOMKH BYAKAHUYECKOTO CTEKAQ.

AAeBpPOAHT OYPO-KOPHUYHEBBIN, IOPOAA pa3apobAeHa, lepeMAaTa,
WHTEeHCHMBHO KapOOHATU3UPOBAaHA, XAOPUTU3IUPOBAHA, MeCTaMU
oboxpeHa. EAMHMYHBI OOAOMKHU (ApecBa) 3 DY3UBHBIX IMOPOA,

11



64.0-122.0
58,0

Tydobperuuu 3eaeHoBaTo-cepble. OOGAOMKM NAOTHOU, TBEpPAOU
II0pOoAbl KapboHaTU3UpoBaHkbl, MecTaMu oboxpeHnl. V13 MuHepaAoB
HabAIOAQIOTCH KBapll, NAaruokAasbl, aMbpudoAbl. Takxe
BCTPCUAIOTCH OOAOMKH BYAKAHUUYECKOTO CTEKA@ W F'OPHBIX NTOPOA-
3 hy3uBoB. [Jopoaa Ha OTAEGABHBIX HHTEPBaAaX XAOPUTU3UPOBaHa.
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CkBaxxuHa 10 (1312)

3.0-13.0
10,0

13,0-20,0
7,0

20.,0-44,0
24,0

44,0-50,0
6.0

Tydobpekuun. [lram cepoBaTo-KOpUuHeBbIM. OOAOMKH TBEPAOH
HAOTHOH 11opoaAbl. HabAloaatorcsi 0OAOMKH 3epeH I1Po3pautoro
KBaplid, MaToBble 3epHa IIAArMOKAA30B, YelIYUKM OUOTHUTE, TEMHLBIE
0OAOMKHM pOTroBoM oOMaHKH, 0OAOMKU BYAKA@HHYECKOTO CTEKAA.
[Topopa kapboHaTHU3MpOBaHa, 0O0OXpeHa.

Tydonecuanuk. 11InaM cepblil, BO BA@KHOM COCTOSIHUU
nAacTUYHbIM. HabAIOAQIOTCS IIOAYOKaTaHHBIE 3epHa KBaplia, 3epHa
IIAATMOKAA30B, Yyellyrku OuoruTa. [Topoaa pazppobaeHa,
KapOoHaTU3UpOBaHa.

Tydobpexunn. lllnamMm cepoBaTO-KOPUYHEBBIA, COCTOUT U3
0OAOMKOB 3€peH KBaplla, O€ABbIX (MAaTOBBIX) IIAQTMOKAA30B, PEAKUX
yelryek OMOTHTA, TOHKUX KOPOUYeK AMMOHUTA. HabaroparoTcs
0OAOMKH HNAOTHBIX 3(pdy3UBHBIX TOpoA. [Topoaa crabo
KapboHATH3UPOBAHA U OKeAe3zHeHa. HabAropaoTcs peakue
O0OAOMKHU PYAHBIX MUHEPAAOB.

Tydobpexunn, Tycdomnecyadsuku. [llram cepbl#i, MecTaMy TEMHO-
cephif, COCTOUT M3 OOAOMKOB 3epeH KBaplla, NAarmoKAason,
YeHycK GUOTHTA, CAMHUUYHBI OOAOMKH KaAWH-TIOAE€BBIX LITATOB,
TEMHBIX KPUCTAAAOB aM(PHUOOAOB, BYAKAHNYECKOTO CTeKAd. [lopoaa
TBepAasl, CAeTka TpellluHoBaTas. [1o TpeimnHaM HabOAIOAaeTCs
KapOOHaTU3AIHUA U OXKeAe3HeHHe.

13



CxkBaxuna 11 (1327)

3.0-17.0 Tydobpekunn. OOGAOMKY NOPOABI TBEPABIE, IAOTHBIE.

14,0 HabaroparoTcsi 0OAOMKH TEMHBIX TOPHBIX IOPOA B MHHEPAAOB:
3epHa KBaplla, MAATMOKAA30B, YEIIyUKM OMOTHTa, eAMHUYHBI
06AOMKHM PYAHBIX MHHeparoB. Ilopoaa Kap6oHaTH3HpOBaHa,
MeCTaMH OJKeAe3HeHa.

17.0-27,0 Tydobperuuu, TydbonecdaHUKH. OOAOMKH IOPOABI IIAOTHBIE,
10,0 TBepAble. HabAIOARIOTCE OOAOMKH 3epeH KBaplia, YelllyHKU
onorura. Tlopoaa, Mo Bced BUAUMOCTH, KapboHATU3NPOBaHa,

OXKeAe3HeHa.

27,0-28.0 lllnam TeMHO-Cephili. [To cocTaBy aHaAOTHYEH BBIIIEOTHCAHHOMY.
1,0 EAUIIMYHBI OOAOMKHM TEMHO-CepOU, YepHOM, TBePAOU, BO3MOIKHO,

yTAe(DUIUPOBAHHON TTOPOABI.
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CkBaxkmHa 12 (1333)

3.0-6.0
3,0

6.0-24,0
18,0

24,0-100,0
76,0

Tydobpekunu. [1lInaM cBETAO-KOpUYHEBBIN, 6YPOBATHIM, COCTOUT U3
0BAOMKOB 3€peH KBaplia, IAarMOKAa30B, YelllyeK 6UOTHUTa,
BYAKaHHUeCKOro cTeknaa. HabaroparoTcsi 0OOAOMKU TOPHBIX ITOPOA.,
[Topoaa TBepAasi, TpelllHHOBAaTasi, KapOOHaTU3MpPOBaHa, MeCTaMu
okeAe3HeHa. EAMHUYHEBI 0GAOMKYM pYAHBIX MHHEDPAAOB.

Bazaabr. UlAraM cepblll, MecTaMu TeMHO-cepbli. O6AOMKU TBEPAOH,
MAOTHOM NMOpPOABL. MUHepaAbl IpeACTaBA€HbI IPU3MaTHUYECKUMHA
KPUCTAAAUKaMU [IMPOKCEHOB, aM(puboAaMU, MAaTOBBIMUA 3epHAMU
MAATUOKA@30B. EAUHUYHBI OOAOMKHY PYAHBIX MHHEDAAOB.

Ba3zaAbT M3MEHEHHBIM, XAOPUTH3MPOBaHHbINA. [IIaaM cepoBaTo-
3eAeHBIH, AOTHBIN, TBepAbld. CTpyKTypa nopduposasi. OcHOBHAA
Macca 3eAeHOBATOro LIBeTa, COCTOMT, I10-BUAUMOMY, U3
BYAK@HUYECKOI'O CTeKAa ¥ MHUKDOAMTOB MAATMOKAA30B. MHUHepaAbl
I pEeACTaBAEHBI OOAOMKAMHU TIOYTH YepHBIX KOPOTKONPHU3Ma-
TUUYECKUX MUPOKCEHOB, pOroBo¥ 0OMAaHKH, 6eClBeTHbIE
MOAYTIpO3payHble 3epHa KBaplia, MAaTOBbIE 3€pHA MMAArMOKAA30B.
EpviHUYHBI OOAOMKHA PYAHOTO MUHEpAaAa.
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CkBaxxuna 13 (1312)

3.0-12.0 CoBpeMeHHbIC OTAOKEHUS (TAMH&, CYyTAMHOK ¢ OBAOMKaMH
9,0 AaBOOpeKUYnH, TYPoOpeKIUH).

12,0-37.0 Tydobpekuun. lllraMm cBeTAO-KOpUYHeBBIH. [Topoaa NAOTHAA
25,0 TBepaast. Habatoaaiorcss 0OAOMKH rOpiIbIX NOPOA-3(PDY3IUBOB U
3epeH MHUHEepaAoB (KBapll, IIAQTUOKAA3bl, OMOTHAT, PYAHBIN
mHuHepaAa). ITopopa KapOoHATH3UPOBaHa, MeCTaMH 0DOOXpEeHa.

37.0-48.6 Basaabt. 11IaaM cepblif, TEMHO-CEDBIM, TAOTHBIN, TBEPABIN. B
11,6 OCHOBHOM Macce HabAXOAQIOTCH BKPAIAEHHMKH IIMPOKCEHOB,
TIAGTHOKAA30B.
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CkBakuna 14 (13095)

3.0-9.0 CoBpeMeHHbIEe OTAOKEHHUS (TAMHA, CYTAUHKH C HeOOABIIUM
6,0 KOAMYEeCTBOM OOAOMOYHOIO MaTepuasa, IpPeACTaBAEHHOIO lijeOHEM,
ApPeCBOU AaBOOpPEKYUH).

9.0-20.0 Tydobpexuuu. Ulram KopuyHeBaTO-cepblii. OGAOMKH ITOPOADL
11,0 nAoTHBIE, TBepAble. HabAroparoTCss 0GAOMKH 3epeH KBaplia,

MAGTMOKAAQ30B, YeIIYHKU OMOTHUTa, BYAKAHUUECKOIO CTEKAQ, a
Tak>Xe TeMHble 0OAOMKHU TOPHBIX NMOopoA. [Topoaa KapOoHATHU3U-
poBaHa, MecTaMu oOOXpeHa.

20,0-30,0 BazaabT. IllrnaM cepbiit, TeMHO-CcepPBIM. OOAOMKH OPOABLI IAOTHBIE,
10,0 TBepAble.B 0OCHOBHOM Macce HaOAIOAQIOTCS BKpPAllA€HHUKU
IUPOKCEHOB U NAGTHOKAA30B.
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Ckna>kuna 15 (1410)

3.0-64,0 AaBOOpeKYUH AQIUTOBOrO COCTaBa, KOPUYHEBATO-Cephble, MEeCTaMu
61,0 C 3€A€HOBATBbIM OTTEHKOM, Ha OTAEABHBIX MHTEPBAAAX

pa3papoOaeHHble, TpelHoBaTble. OOAOMKH IOPHBIX IIOPOA U
MHHEPAaAOB, yTAOBATHIE , IOAYOKATaHHBIE, CIIEMEHTUPOBAHbI
OCHOBHOM MaCCOU, IO BCEM BUAUMOCTH, CAOKEHHOU
BYAKGHUYECKHUM CTEKAOM U ITenAOM. Pazmepbl 0OAOMKOB TOpPHBIX
nopoA-3(h@dy3UBOB AOCTUTAIOT B monepedHuKe 3-5cMm. U3
MWHEPAAOB HaDAIOAQIOTCS NIAATHOKAA3bI, KBapi, OMOTHUT, CAMHUYHbI
0OAOMKH pYAHBLIX MHHepaAoB. [Topoaa KapOoHATU3UPOBAIa,
XAOPUTU3UPOBAHA.

64,0-66,5 Tycdobpexunn 3eAeHOBaTO-Cephie, NAOTHBIE, TPEIIUHOBATHIE,
2,5 ITopopa KapOoHaTU3UpPOBaHAa, XAOPUTU3HUPOBaHa, 0O0XpeHa.
CocrouT U3 OOAOMKOB rOPpHBIX ITOPOA ¥ MUHEPAAOB, OCHOBHOU
Macchl. OOAOMKY T'OPHBIX MOPOA-3®(Y3UBOB YTAOBATE. MUHEPAADI:
IIAGTHMOKAA3B!, KBapll, OMOTHUT, XAOPUTH], KapOOHATHL.

66,5-68,0  IlecyaHHK cepbld, TEMHO-CEDPBIH C IIPOCAOMKAMHU YTAS, IAOTHOTO,
1,5 TBEPAOTO, [IO-BUAUMOMY, OKPEeMHEHHOTO, 10 TpelHHaM
KapOOHaTH3UPOBAHHOTO.

68.0-68,4 AAEBpPOAHUT CBETAO-CEPHIM C 3€A€HOBATHIM OTTEHKOM, IIAOTHBIH,
0,4 TBEPABIY, KapOOHATU3UPOBAHHBIH.

68.4-69,0 TydoOpeKunH 3eAeHOBaTO-Cephble, aHAAOTHYHbIe UHTepBaAy 64,0 -
0,6 66,5.

69,0-73,5 Ty(onecuaiuk CCpbli, 3€ACHOBATO-CepPbiF, OpeKYHpoOBaHbii, C
4,5 00AOMKAaMU rOpHBIX IOpPOA, pasMepoM Ao 1 x 1 cM. [Topoaa 1o
TpelllMHaM, MUKpOTpelIMHaM, nopaM KapboHaTHU3UpPOBaHa,
XAOPUTH3UPOBAHA.

73.5-73.8 YroAb YepHBIX, IAOTHBIM, OKpEMHEHHBIN, Ha OTAEABHBIX yYaCTKaxX-
0,3 KpUCTaAAU30BaH. [lo TpeuiyaaMm, MUKpPOTpENIuHAM--
KapbonaTu3anus, okBapueBanue. HabAiopaeTCsT BOAOKHUCTOE
cTpoeHwe.

73.,8-79.0 [TecyaHMK CephIl, MECTaMU TEMHO-CEPBIH, pa3ApPOOAEHHbIH,
52 CTpyKTypa OT MeAKO- AO rpyfo3epHUCTON. HabArOAaIOTCSA pepkue
0OAOMKHM TOPHBIX IOPOA, pa3MepoM Ao 1cM. EAMHWYHa MpOCAOKKa
YTASI, aHAaAOTHYHAasi uHTepBaAay 73,5-73,8, MOIIITHOCTBIO 5-7CM.
[Topopa KapOOHATU3UPOBaHAa, XAOPUTU3UPOBAHA.
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79,0-98.0
19,0

98.0-195,0
97,0

AAEBPOAMT KOPUYHEBBIN, Ha OTACABHBIX MHTEpPBaAax C
3eAE€HOBATBHIM OTTEHKOM, C PEAKUMH OOGAOMKAMU T'OPHBIX MOPOA.
HabAroparoTcsl pepkUe 3epHa KBapIia.

Tydobpekunum cepbie, NAOTHBIE, KAPOOHATU3UPOBAHHLIE,
XAOPUTU3UPOBAHHBIE, COCTOAT U3 OCHOBHOU IleMEeHTUPVIOIIen
Macchbl, OOAOMKOB IIOPOA ¥ MMHEPAAOB: KBapla, NAAarioKAa30B,
ouorHTa, EAMHHYHbIX 3€peH PYAHOro MuHepara. OBAOMKHU TOPHBIX
NnopoA-2(hdy3MUBOB yTAOBaThl, IIOAYOKaTaHHbIE, Pa3MepoM A0 4 CM B
NoIepevyHUKe.
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CxkBaxunHa 16 (1305)

3.0-11.0 Tydobpekunu. lllram cepoBaTO->KeAThIM, TOpoAa pa3ApoOAeHa,
8,0 nepemsaTa. HabaroparoTca 0OOAOMKH 3epeH IIAarHOKAa30B, KBaplla,

YeIIYHKHU OUOTHTA, poroBoi 0OMaHKH, ByAK@HHYECKOTO CTEeKAq, a
TakK>Xe OOAOMKU TEMHBIX I'OPHBIX IOPOA-3PPY3UBOB.

11,0-23.0 Tydobpekuun. llIanaM cepsiit, 1O COCTaBy aHAAOTHUYEH
12,0 BLILIEOIIUCAHHOMY. Pasmep 3epeH yMeHBIUUACS. Y BEAUYHUAOCH
KOAHUYECTBO OJKEAE3HEHHBIX y4acCTKOB.

23.0-28.0 Tydonecuanuk. lllaam cepbiit ¢ TOAYOOBATHIM OTTeHKOM. [Topoaa
5,0 KapOOHATU3UPOBaHa. MUHepaAbl: OKaTaHHBbIE, TOAYOKATaHHBIE
3epHa NNAArMOKAA30B, KBapla, peAKHe YellyMKH OUOTHTA.
HabaroparoTcss cAab0OKaTaHHBIE OOAOMKY 3P Y3UBHBIX IIOPOA.

28,0-40,0 AACBPOAUT C PCAKMMH 3e€pHaMM TOPHBLIX ITOPOA U MUHEPAAOR:
12,0 IIA@TMOKAA30B M KBapua. llIanaM KOpUYHEBBIN, MeCTaMU TEMHO-
KOpPHUYHEBbIN, TAMHHCTOTO COCTaBa.

40,0-67.0  Tydob6pekunu. llIram cepbii. OGAOMKHU NIAOTHOM, TBEPAOH MOPOABI.
27,0 MmuHepaAabl: IAaTHOKAa3bl, KBapll, KapboHaTsl. HabAroparoTcst
OOAOMKM BYAK@HMUYECKOIO CTeKAa M IenaAa. [Topoaa cUABHO
KapOOHaTHU3UpOBAHA.

67,0-69.0 Tydobpekuus, TydokoHrAoMepaT. [Topoaa 3eAreHOBaTO-cepas,
2,0 naoriast, rBeppast. CoOCTOUT U3 LIeMEeHTUPYIOLeH Macchl, 0OAOMKOB
MHHEDPAAOB ¥ IOPHBIX ITOPOA. MUHepanbl: KBapl], KapOOHAaTHI,
BO3MOJKHO, IAATMOKAa3bl. MHOTMe MUHEPAABI 3aMellleHbl
BTOPHYHOMN XAOPHUTU3HUPOBAHHOM Maccou. [TopoAa MHTEHCHBHO
TEKTOHUUYECKU nepepadboTaHa.
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CkBaxkuHa 17 (1410)

3.0-103.0
100.0

103,0-132,0
29.0

132,0-140.7
8.7

140,7-141.0
0,3

141,0-144.0
3.0

144.0-152.9
8.9

AaBobOpeKYnH AauUTOBOTO cocTaBa.lllaaM cBeTAO-cepslil ¢ OyphLIM,
MEeCTaMH, )KEATOBAThIM OTTeHKOM. OBGAOMKH NAOTHOM, TBEPAOH
MOPOADBI, CAOKEHHOHM 3epDHaMH MHHEPAaAOB, TOPHBIX TTOPOA U
OCHOBHO¥ Macco¥. OBAOMKH TOPHBIX IIOPOA TEMHBIE, IIAOTHBIE, I10-
BUAMMOMY, 3Py3uBbl. MUHEpPAABL: AAGTHOKAA3bl, KBApI, YelIYUKH
OuoTHUTa, poroBasg 0OMaHKa, eAMHUYHBI OOAOMKH PYAHBIX
MuHeparoB. [Topopa Kapb6OHATU3MPOBaHa, XAOPUTHU3MPOBAHAE,
MecTaMH, O>KeAe3HeHa.

Tydobpekuun cepnlie, C TOAYOOBATBIM OTTEHKOM,IIAOTHBIE, TBEPADIE,
cocTosilie U3 0OAOMKOB FOPHBIX IOPOA ¥ MHHEPAAOB,
CUEMEHTHPOBAHHBIX, IO-BUAUMOMY, BYAKAHHYECKHUM MaTepHUaAOM.
OBAOMKH [HOPOA YIAOBAThle, IIOAYOKATaHHBIE, AOCTUTAIOT B
nonepeynuke 3-4cM, 3 HYy3UBHOTO MIPOUCXOXKAEHUS. MUHEPAABI:
MaToBble 3epHa IIAATMOKAA30B, IIOAYOKATAHHBIE 3epHa KBapla,
YEeLIYHUKU CAIOABI, 3epHa poroBol O6GMaHKH, €eAMHHYHB! 3epHa
PYAIILIX MUHeparoB. Ha OTAEABHBIX MHTEpBaAax IopoAa
TpeuuHoBara. [lo TpelMEaM ¥ MUKpOTpELINHAM
KapboHaTu3UpoBaHa, 000XpeHa.

Tydoncecyauuk cepbii, pa3papobAeH, C LIPOCAOHMKAMU U OOAOMKaMHU
TEMHOM, BO3MOXXHO, YTAe(HUIUPOBAHHOM IIOPOABL (YTAS).
MuHepaasl: KBapll, IAarmokAassel. [lopoaa CHABHO
KapOOHATHU3UPOBaHaA.

YrOAb YepHBIM, IIAOTHBIM, TBEPABIM, MECTaMU KPHCTAAAM3OBAHHBIH.
INo TpemuHaM OKBaplnoBaH, KapOOHATHU3UPOBAH.

AAEBPOAWT, 3eA€HOBATO-CEePbIM, TPEUIMHOBATHIN, IO TPELJUHaM
BBIIOAHEH KaAabIUMTOM. HabaroparoTcss eAMHMYHBIE OOAOMKH
TEeMHBIX TOPHBIX IIOPOA-3PY3UBOB U cAabOOKaTaHHBIE 3epHA
KBapua. ITopopa HHTEHCHUBHO KapOOHATU3MPOBaHa.

Tydonecyanuk 6peKYMpOBAHHBIN, KapOOHATU3UPOBAHHBIH,
3CACHOBATO-CEPbIM, ¢ OOAOMKaMU 3((hy3UBHBIX I'OPHBLX 1HIOPOA,
AOCTUTAIOIIMX B nonepeyHuke S5cM. OOAOMKHU IIOPOA
caabooKaTtanHble, OKaTaHHbBIe, CIIEeMEHTUPOBAHHbIC TeCYaHo-
'AMITUCTOU MAacCOU, CUABHO KapOOHaTU3MPOBaHHOM. VI3 MUHepaAoB
HAOAIOAQIOTCS KBapll, NA@ruokAassl, 6uoTtuT.ITopoaa pbixaas,
HepeMsitast, TpelidioBaTtas, T.e. IOABEPKEHa UHTEeHCHBHOMY
TEKTOHHYECKOMY BO3AEMCTBUIO. Ha OTAEABHBIX ydyacTKax NopoAa
XAODHTU3UPOBAHA.
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152.9-153.2  Yroab, 4epHbli, pasApOOAEHHBIN, TPEeACTaBAeH KaK MEAKUMH
0.3 LIAOTHBIMHY, BO3MOXHO, OKpEMHEHHBIMH 0OAOMKaMHU (A0 1-2cM), Tak
M caXXeH.

153.2-155,0 TydonecdaHHK CBETAO-CEPHIN C 3€A€HOBBIM OTTEHKOM, PBIXABIM,
1,8 nepeMsTbiM, pa3pApOOAeHHBIN, KapOOHATU3HPOBAHHBIHM, C PEAKMMH
(CAMITMYHDIMUA) TOHKUMH NPOCAOMKAMH U OOAOMKAMM
yrAe(ULIUPOBAHHOM IOPOABI (YTAS).

155.0-159.0 AaeBpOAUT OYpO-KOpPHUYHEBHIN, C TPUMECHIO NEeCYaHUCTOro
4,0 MaTepHaAa, KOTOPBIM Ha OTAEABHBIX WHTepBaAax mpesbilnaeT 50% ,
NPEACTAaBACHHOTO OBAOMKAMM TOPHBIX HOPOA M MHIICPAAOB:
KBaplla, MAAriOKAa30B, EAMHUYHBIX dYelllyeK OMOTHTa U 3€peH
PYAHBIX MuHeparoB. OOAOMKU IOPOA U MHUHEPAAOB
caabookaTaHHbIe, yraoBaTele. [lopoaa caabo TpeluHOBATa,
BO3MOJXHO, BAOAB TpEIlIMH OKBAPIIOBAHA, O’KEAe3HEHaA.
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CxkBa>kuHa 18 (1169)

15.2

18.2-20.0
1.8

20.0-38.5
18.5

38.5-45.2
6.7

45.2-60.0
4.8

60.0-68.5
8.5

AaBoOpeKYMH AALIMTOBOrO COCTaBa, KOpUYHEBATO-Cephle, IIAOTHLIE,
TBepAble. COCTOAT M3 OCHOBHOM MacChl, 0OAOMKOB IIOPOA U 3epeH
MHMHEPaAOB: IAarHOKAa30B, KBapla, OMOTHUTE, @ TaKXKXe eAMHHYHBIX
3epeH pyAHOro MHHepaAaa. [lopopa KapOoOHAaTU3HPOBaHa, 4yTh
MeHbIIe XAOPUTH3HWpoBaHa. OCHOBHas IIeMeHTHPYIOlasi Macca,
BO3MOJXKHO, OKpEMHEeHd, COCTOUT M3 XAOPHUTHU3HUPOBAHHOTO
BYAK@HUYECKOIO CTeKAa U Iemaa. OOAOMKU NMOPOA-I9(DPY3UBOB
AOCTHUIAIOT B HOHepe‘{HI/IKe Scm.

AaBoOpeKYMH AQLIMTOBOIO COCTaBa, CBETAO-CEphie C TOAYDOOBATHIM
OTTEHKOM, TBEpAbIE, TPEeLIMHOBAThIE, 110 TpelulMHAaM O00OXpEeHbI
(o)KeAe3HEHBI), KapOOHaTU3UpPOBaHbL. [10 MUHEPAAOTUYECKOMY
COCTaBY aHAAOTHUHBI BhillleonucaHnHoMY. [Topoaa Ooaee
XAOPHUTU3MPOBaHAa, KapOOHaTU3UpOBaHa, AepopMupOBaHa. UyTh
YBEAUYEAOCH KOAMYECTBO PYAHBIX MUHEPAAOB.

AaBOOPEKYMH CBETAO-CEphIE C 3€ACHOBATHIM OTTEHKOM, TBEPABIE,
TPeIIMHOBAThle, MECTaM{ pa3ApoOAeHHbIe, IO TPELUIMHAM
3a0XpeHbl, KapOoHaTH3MpoBaHbl. Ha OTAEABHBIX MHTEPBaAaX
XAOPUTHU3UPOBAHLL. PazMep 06AOMKOB 3 y3MBHEIX ITOPOA A0 3CM
B IIONIEpEYHUKE (€EAMHUYHBIE A0 7CM). MU HEpaAbl: NIAGTHOKAA3HI,
KBapll, peAKHe YellyUKU OMOTHUTa, EAUHUYHBI DYAHBI€ MHHEDAABI.

AHAE3UT TeMHO-CephI}, TIOAHOKDUCTAAANYECKHH, TPEIIMHOBATHIH,
Ha OTACABHBIX y4acCTKaxX pa3papoOaeHHBIH. 1o TpewmyHaMm oboXpeH,
KapOOHATHU3UPOBAH, MECTAMH XAOPUTHU3UPOBaH. MUHEpAaAb!
IIA@TMOKA@3bl, NTUPOKCEH, XAOPHUTHI, KapOoHaThl. ITopoaa, no-
BUAUMOMY, SIBASIETCSI CEKYUIUM TEAOM (TUIa AQUKH ).

AaBoGpeK4nH, CBETAO-Ccephle, TBEpAble, MECTAMH TPELIUHOBATHIE,
IO COCTaBy aHAaAOTMYHBI HHTepBaAy 20.0-38.5.

AaBOOpPCKUUH, aHAAOTMYHBIE BHILIEOIHUCAaHHOMY, pa3ApobAcHIIbIC,
HepeMsiTble, HIOABEPIKEHHbIE CUABHOMY TEKTOHUUYECKOMY
BO3AEHCTBHIO.
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68.5-110.7
42.2

110.7-117.0
6.3

117.0-118.1
1.1

118.1-118.2

0.1

118.2-121.8
3.6

121.8-123.0

1.2

TydhobpeKyun cepoBaTo-roAyoble, TPEeIIMHOBAThIE, Ha OTAABHBIX
WHTepBaAax pa3ppoOAeHHbIe, IO TpelyrHaM oO60XpeHbl,
KapOOHATH3UpOBaHbl. MUHEPAABl: TAATMOKAA3bl, KBapll, peAKHe
YellyUKU OMOTHUTA, porosass 0OMaHKa, PyAHbBIE MUHEpPAABI.
LlemMeHTHUpYIOILIas Macca CAOKeHa ByAKaHWYECKUM MaTepUaAoM.
O6GAOMKH TOPHBIX OPOA-3D(Yy3UBOB, YTAOBATHE, AOCTUTAIOT B
nornepeYyHuke 2cM. Ha OTAeABHBIX HHTepBaAax oOllee KOAMYECTBO
06A0MKOB pocTuraeT 20% ot obieit Macchol. [Topoapa caabo
KapOOHATU3UPOBAHA U XAOPHUTU3UPOBAHaA.

Tydonecyanuk KeATOBATO-CePhIM, CPeAHe3ePHUCTHIH, C
YTAOBATBIMH IIOAYOKaTaHHBIMM 06GAOMKaMU 3G Y3UBHBIX TTOPOA,
uMerolux pasmep Ao 0,5cm B nonepeuduke. M3 Munepasos
HabOAIOAQIOTCS OUOTHUT, KBApIl, IAArMOKAA3bl, pepKue 3epHa
pyAHoOro MuHepaaa. [lopoaa Tpemiunosara, pasapoOAena, 1o
TpenuHaMm oboxpeHa, KapboHATH3UPOBAaHA, XAOPUTU3UpOBaHa. B
MOpoOAe HAaOAIOAQIOTCS eAMHHYHBIEe MeAKHe 3epHa TeMHOH, IMOYTH
YEepPHOM ITOPOABI, BO3MOXKHO YTAE(PUIIUPOBAHHOH.

TydornecyaHUK CBETAO-CepPbIN, CpeAHeN TBEpPAOCTH, C AMH30YKaMH
yrAst MouHOCTBIO A0 0,5 cMm. Tlopopa nepemsaTa, AepopMUpPOBaHaA.
Ha untepsanre 117.15 - AMH3a yTASL MOIIIHOCTHIO 3-4CM,
BOAOKHMCTOTO CTpO€HHSs, TBePAOTO, IIAOTHOTO, BO3MOXHO
okpeMHeHnHOro. Habaropaetcst crabasi pacCAaHIIOBKA ITOPOABI,
KOTOpasl cAerka KapOoHaTU3HPOBaHA ¥ XAOPUTU3UPOBaHA.

[TpochAoiika yTAsl, TepeMsaToro, paspApoOAEHHOTIO, MecTaMU
KpUcTasam3oBaHHOro. HabaropaeTcsi CAOUCTOCTb.

[TecyaHUCTHIM @aA€BPOAUT 3eA€HOBATO-CEPBIM, cAabo
TpeIIUHOBATHIM, IO TpelulMHaM KapOOHAaTU3UPOBAaHHBIY,
XAOPUTU3UPOBAHHBIA C IPOCAOMKAMU TEMHO-CEPHIX aA€BPOAUTOB,
BO3MOJKHO, yTAe(UIIUPOBAHHbBIX, MOIIIHOCTBIO 1-2CM, a TaKxXe
IIPOCAOMKaM¥M MEAKO3ePHUCTOTO IeCYaHMKa MOIJHOCTBIO A0 5CM C
BMAMMOﬂ caoucrtocThlo. [To yB‘Ay HACAOE€HHSI MOXXHO IIPCAIIOAOXXUTD
00 yTAe MapeHus OpoAbL -15 .

YTOAbL YEepHBIN, IAOTHBIM, BO3MOXHO OKpeMHEHHbII, MeCTaMU
KPUCTAAAM30BaHHBIU. B 0011el Macce HaOAIOAQIOTCS THE3AQ,
IIPOXKHUAKH PYAHBIX MUHEpPaAOB (IIMPHUT), AOCTUTaroIlIuX 1-2 cM B
nonepeynuke. [1o TpemHaM KapO6oHaTU3npoBaH.Ha OTAeABHBIX
yaacTKax Ha6J\TO/\aTOTCfI HebOOoARITHE HpOC}\OﬁKH mecyaHo-
TAMHUCTOU TTIOPOABL.
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123.0-137.2 TydonecyaHUK, Ty(hOKOHTAOMepaT OpeKYNPOBAHHBIN,
14.2 pa3ApOOAEHHBIM, UHTEHCUBHO XAODUTHU3UPOBAHHBIN,

KapOOHATU3UPOBaHHBIN, TOAyOOoBaTO-cepbiii. OOAOMKH TOpHBIX
IIOPOA OKATaHBbl, IIOAyOKAaTaHbl, AOCTUTAIOT B IIONepeuHuKe 3-4CM.
MHorve U3 HUX 4aCTUYHO, UAM IIOAHOCTBIO, 3aMelljeHbl
XAOPUTOBOU Macco¥. HabaroparoTcsl epAMHUYHBIE OOAOMKYM TEMHOH,
BO3MOJXHO, yTAeUIUPOBAaHHOMN ITOpoAb! (A0 2 cM). Tlopoaa, B
IIeAOM, IIOABEPXXEeHa CUABHOMY TEeKTOHMUYECKOMY BO3AEHCTBHIO.

137.2-138.4 YroAb 4epHBIH, MAOTHbBIM, MECTAMU KPUCTAAAU3OBAHHBIN C
1.2 HeOOABIIUMYU NIPOCAOMKAMU MMeCYaHUCTO-TAMHUCTON nopoAbl. Ha
OTAEABHBIX y4acTKaX, IO-BHAMMOMY, OKpeMHeHHBbIH. [1o Tpemunam
Kapb6oHaTU3UPOBAH. HabAIOAQIOTCST BKPAIIAEHHUKH PYAHOTO
MuHepaaa.C uHTepBasa 138.0M HaOAIOAIOTCSE TOHKUE IIPOCAOHMKH
YITAUCTOTO CA@HIIA.

138.4-141.0 AAEBPOAMT Cepblif, MECTaMU TEMHO-CePbIH, TPEUUNHOBATLIH,
2.6 XPYNKHUH, IO TPelJUHAM KapbOHAaTU3UPOBAHHBIN, Pa3ppOOAEHHBIN.

141.0-144.8 AAeBPOAUT I'AMHHUCTBIN, TEMHO-CEPHIH, aHAAOTAYEH
3.8 BHIIIIEONTMCAHHOMY, HO MeHee TpellluHoBaT, pa3apobaen. Ha
uHTepBare 144.4-144.6- 1poCAOVKA TAMHBI CEpOM, HAACTUYHOU C
HeOOABILIOW IPUMECHIO I'PABHS.

144.8-147.8 TydonecyaHUK cepbld C 3eA€HOBATHIM OTTEHKOM, TOHKO- U
3.0 MEAKO3epPHHUCTHIN, C eAMHUYHBIMY THE3AAMU U NIPOCAOUKAMHU
yraeUIAPOBAHHOU NMOPOAbI. MUHepaAbl: NAATHOKAa3b!, KBAapl,
peAKYe YellyMKHA GHOTHTAa, pyAHoro MuHepaaa. Ilopopa Ha
OTAEABHBIX WHTepBaAaX cAabo XAOPUTHU3UPOBAHA,
KapboHaTHU3UpOBAHA.

147.8-150.5 TydoareBpOAHUT NNECUYaHUCTHIA, OYPO-KOPHUIHEBBLIM, MEeCTaMU
2.7 pa3ppoOAeHHBIN, TPEILMHOBATHIN, 10 TpelluHaM
XAOPHTU3UPOBaHHBIN. HabAropaloTCst pepKHe 3epHa KBaplia u
yewyky 6uorura. Ha naTepBanre 147.3-147.9- tydoareBpoAUT
TEMHO-CepHIH, II0 COCTABY aHAAOTUYHBIN BHILIUEOIUCAHHOMY.

150.5-151.3  TydrouecudHUK Cepbidl, TOHKO- 1 MEAKO3EPHUCTBIR, HAOTIDLIN,
0.8 cpepHed TBepAOCTH. HabAIoAGIOTCS eAMHUYHBIE 3€pHA
TIAGTHOKA&3a, KBapla, yellyiku 6uorura. [Topoaa, MectaMu,
XAODPUTU3UPOBAHA.
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151.3-159.0
7.7

TydoraBsl, Tyl PHOAUTOBOTO COCTaBa, OAEAHO-3eAeHble, MeCTaMU
TpelnHoBaThie. OGAOMKHY IIOPOA YTAOBATHIE, pa3MepoM Ao 1-2cMm B
nonepevyHukKe, cocTaBAAOT A0 10% oT obmiein Macchl. [Topoaa
XAOPUTHU3UPOBaHa, MeHee KapOOHATU3UpOBaHa. MUHEpaAbl: PEAKHE
3epHa KBaplla, IAAIrMOKAa30B, OMOTUT, XAOPHUT, KapOOHATHI.
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CkBaxuHa 19 (1120)

3.0-9.0
6.0

97.0-62.1
5.1

62,1-64.7
2,6

AaBoOpeKYuH pauudroBoro cocraBa. lllaam >keaToBaTO-cepbIH,
npeACTaBA€H OOAOMKaMH IIAOTHOM, TBEPAOM IIODPOABL.
HabaroparoTcsi 06AOMKH FOPHBIX IMOPOA-3((PY3UBOB, a TakXe
OOAOMKH 3epeH MHHEpPAAOB; KBapLa, NAAarMOKAAa30B, OUOTHUTA,
€AVHHUYHBI 3epHa PyAHOro MuUHepaaa. HekoTopbsle 06AOMKH
oboxpensl. Ilopoaa, B ieaoM, caabo KapOboHaTHU3UpOBaHA.

Tydobpekunn 3eAeHOBATO-Cephle, TPELIUHOBATHIE,
pasapoOAeHHBIE, IOABEDPIKEHBI TEKTOHMUYECKOMY BO3AEHUCTBHIO.
HabAlopaeTcssi MHTEHCUBHAsA XAOPUTH3alus, KapOoHaTHU3aIHsl.
OcHOBHasi IeMeHTHUpYIolas Macca, 10 BCe¥ BUAUMOCTH, CAOKeHa
BYAK@HHYECKHM CTEKAOM U IelIAOM, 10 KOTOpOM MHTEHCHUBHO
pa3BUBaeTcsi XAOpUT. OOAOMKH TOPHBIX IIOPOA YTAOBATHIE, peXxe
cArabooKaTaHHBIE, AOCTUTAIOT 3-5CM B NollepeyHHKe.OHH TaKXe,
YaCTHYHO, XAOPUTHU3HUPOBaHbl. MUHEpaAbl: NAATrMOKAA3bl, KBapIl,
yellyiKu Ouorura. EAMHUYHEI 3epHa PYAHBIX MHUHEDPAAOB.
XAOpPHUTHI U KapOOHATHI- BTOpUYHbIE, 3allOAHAIOT TPEUIUHBbl U
NYCTOTHI, @ TAK)Ke 3aMellafOT HEKOTOPbhle MUHEPAAHI.

Tydhobpekunun cepble ¢ HEOOABIIMM 3€A€HOBATHIM OTTEHKOM,
MecTaMU nTopHcThie. [To cocTaBy aHaAOTHUYHBI BBIIIEOIINCaHHOMY,
HO MeHee pa3ApoOAeHBl, TPEUIUHOBATH. XAOPHUTHU3AllNS,
KapOoHaTHU3allis MeHee WHTeHCHBHA.

ABAE3UT TEMHO-CEPBIN, IAOTHBIM, TBEPABLIHM, TPELIXMHOBATHIH, 11O
TpeluHaM BBIIOAHEH KapOOHAaTaMH, XAOPUTaMHU, BO3MOJKHO,
okBapuoBaH. HabaroparoTcss nophUpoBEIe BRIAEAECHUS
IIAGaTHOKAA30B, TeEMHBIX 3epeH IIUPOKCEHOB, EAUHHUYHBI 3epHa
pyanoro MuHepaAaa. [Topoaa, B 1eroM, crabo KapOOHAaTU3UWPOBaHA,
XAOPUTHU3UPOBaHa, ellle MeHbIlle, OKBapIiOBaHa.
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64,7-129.0
64,3

129,0-133.0
4,0

133.0-136.0
3,0

136,0-136.8
0.8

136,8-142,3
55

142,3-142,45
0,15

Tydobpekunu cepble, MECTaMU TEMHO-Cephie, A0 WHTepBaara 68,5M
C 3eA€HOBATBbIM OTTEHKOM, KOTOPBIM 0OYCAOBAEH MHTEHCHBHON
XAOpHUTHU3AIMEN KaK OCHOBHOM MacChl IOPOABI, TaK U €AMHHUYHBIX
0OAOMKOB TropHBIX NopoA. [Topoaa nAOTHas, TBepAasi, Ha
OTACABHBIX WHTEpPBAAAX TpellWHOBAaTas, [0 TpelluHaM
KapOoHaTU3MpOBaHa U, MeHee, XAOPUTU3UpoBaHa. OOAOMKHU
TOPHBIX TOPOA CAGOOOKaTaHHbIE, YTAOBATHIE, AOCTHUTAIOT B
nonepeyHuke 3cM, NpeAcTaBAeHBbl 3 dy3uBaMu. HacTUUHO
XAOPUTH3UPOBaHbI, o6oxpenbl. EAUHNYHBIE OOAOMKU TOAHOCTBIO
3aMellleHbl XAOPUTOBOM Maccod. MHUHepaAbl: TAATMOKAA3bl, KBapIl,
OHOTUT, BO3MOJKHO, pOroBasi OOMaHKa U MUPOKCeHbl. EAMHUYHBI
3epHa PYAHBIX MUHEDAAOB.

TydonecuaHUK 3eA€HOBATO-CEPBIM, MAOTHBIM. OOAOMKH TOPHBIX
ITOPOA COCTABASIOT AO 15% oT obulel macchl, pa3mMep A0 IcMm B
nonepeynukKe. MyHepaabl: KBapl, TAATMOKAa3, PYAHBIM MUHEDAA.
Ha oTAeAbHBIX MHTEpBaAaX NIOpOAa TPEILIMHOBATA, 110 TpeljuHaM
BBHIIIOAHEHa KapOoHaToM. B rjeaoM, mopoaa pa3ppoOAeHa, cAaerka
KapOOHaTHU3UPOBAHA.

TydornecuaHuK Cepbiy, XPYIKUM, C 3IAEMEHTAaMM CAOUCTOCTH.
EavHUYHBI OOAOMKH TOpHBIX 3(h(PY3UBHBIX TOPOA, PA3MEPOM A0
IcM B monepeyHHUKe, OJKeAe3HeHbl. MUHEepAaAbl: MAATHOKAA3ZHI,
KBapi], B HeOOABIIIOM KOAUYECTBE PYAHBIN MHUHEPAA.

TydoareBpOAUT TeMHO-CEPBIN C 3€A€HOBAThIM OTTEHKOM,
TPELIUHOBATBIN, TePEeMAThIH, Pa3pApOOAEH, XAOPUTU3HPOBAH.

TydormnecuaHUK cepbli, OpeKUYUPOBAHHBIN, IPyOO3EepHUCTHIN, C
0OAOMKaMM ropHbIxX nopoA. [lopoaa Xpynkasi, ”HTEHCHUBHO
paccaaHUoBaHA, AepopMupoBaHa. OOAOMKHU TOPHBIX TOPOA
AOCTMI'aIOT B IONlepedyHuKe 3CM, IIoAyoKaTanbl. MHETEHCHBHO
XAOPUTHU3HWPOBaHbI, KapOOHaTU3UPOBAaHBL. HabAtoaaeTcs crabas
OPUEHTUPOBAHHOCTb OOAOMKOB M CAOMCTOCTb. MUHEpaAbI:
NIAQTMOKAa3bl, KBapll, peAKre 3epHa OMOTUTa, PYAHOTO MHHEpaAa.
[TaOAI0AQIOTCS1 CAMIIMUIILIC OOAOMKHM YTASI, AOCTHTAIONIUC B
nonepeuruke 0,5cMm.

YTroAb 4epHBIM, pa3pApOOAEHHBIH, IepeMSAThIM, MeCTaMu
KPHUCTAAAM30BAHHBIM C HEOOABLION TIPHUMECHIO IT€CYaHO-
TAMHUCTOTO MaTepHaAa.
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142,45-145.2
2,75

145,2-150,6
54

150,6-151.9
1,3

151,9-152,05
0,15

152,05-152.4
0,35

152,4-154.1
1,7

154,1-154.5
0.4

154,5-158.5
4,0

158.5-160.5
2,0

160,5-162.0
1,5

AAEBPOAHUT CepbIM, MECTAMU TEMHO-CEPbIN, BO3MOJKHO,
yrae(UIUPOBAHHBM. Ha OTAEABHBIX y4YacTKaX IIOpoAa
TPeLIUHOBaTa, pa3ppobaeHa. ITo TpenmuHEaM KapOOHATH3UPOBAHA.

AANEBPOAUT CBETAO-CEPBIX C 3eA€HOBATHIM OTTEHKOM. Ha
OTACADBIILIX YIACTKaX TICPeMSIT, pasApoOAeH, KapboHAaTU3UPOBaii,
BO3MOXHO, XAOPHTU3HPOBAH.

PHOAUT- 11OpOAA C TOPGUPOBLIM CTPOEHHEM, CBETAO-Cepasd,
OCHOBHAS Macca-ByAKaHUUECKOe CTEKAO C 3epPHaMU KBapla,
nAaruokaasa. [Topopa DAOTHas, TBepAas.

TygonecyaHUK TeMHO-CEpbIH, IOUYTH YEepHBIM, BO3MOXKHO
yrae(puiupoBaHHBIN. OOAOMKYU IIOPOABI-39(PPY3UBOB TOAYOKATAHBL.
MunepaAabl: IAATHOKAA3, KBapIl, pyAHble MUHepaAsl. [Topoaa
paszapobaeHna, nepeMsaTta. HabaropaeTcs carabass CAOUCTOCTS.

ANEBPOAMT Cepbl¥ C 36A€HOBATBIM OTTEHKOM, KapOOHAaTH3UPOBaH,
BO3MOYKHO, XAOPUTU3HUPOBAH.

AAeBpOAUT, 6YPO-KOPUUHEBBIM, MECTAMU C 3€eA€HOBATHIM
OTTEHKOM, YTO SBASIETCS pPe3YAbTATOM XAOPUTU3AUUU, KOTOpas
pa3BUBAETCS KakK 110 OCHOBHOM Macce, TaK ¥ IO MUKpPOTpeUuHaM,
TpeuiuHaM, nycroraM. EAMHUYHEI 3epHa KBaplla, YelIyHMKH
OHMOTHTA.

Tydoliccuaniuk 3CACHOBATO-CCPLIN, TBEPADLIH, HAOTHDLIM, BO3MOXIIO
oKpeMHeHHBIH. [Topoaa KapOOHATU3UPOBAHA, XAOPUTH3NPOBAHA.

AAEBPOAMT, KOPUYHEBBIM, aHAAOTHUHBIA HHTEepBaAy 152,4-154,1.

TydoraBa PUOAUTOBOTO COCTaBa, cepas C PO30BBIM OTTEHKOM.
OcHoBHas Macca, [10-BUAMMOMY, CAOKEHA BYAKAHHUYECKUM
CTEKAOM, YaCThb MUKPOKPHUCTAAMYECKHM arperaToM.
HabaroparoTcs pepKue BKpalAeHHMKM KBaplia, TAarMoKAasa,
6WOTHTa, PYAHBIX MMHEPAAOB, a TAKXe TOPHBIX 3(pDy3UBHBIX
TOPOA. '

Tydobpekyun pUOAHTOBOTO COCTaBa 3€A€HOBAaThle, IAOTHBIE C
0BAOMKaMH TOPHBIX 3PP Y3UBHBIX TOPOA, XAOPUTU3UDPOBAHHI,
MeHee, KapOOHATU3UPOBAHEI.
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CksarkuHa 20 (1157)

3.0-39.0
36.0

39.0-40.0
1.0

40.0-44.0
4.0

44.0-450
1.0

45.0-54.0
12.0

57.0-59.5
2.5

59.5-62.5
3.0

AaBOOpeKYHNH AQIIUTOBOrO COCTaBa, KOPHUHEBATO-Cephle,
TBCPABIC, MAOTHBIE, TPENTHHOBATHIE, TTO TPEHHHaM
060XpeHHbBIE, HA OTAEABHBIX WHTEPBAAEX XAOPHUTU3HUPOBAHBL.
OcHoBHasi €EMEHTUPYIOLasli Macca, 10 BCEH BUAUMOCTH,
CAOKE€Ha CMECBhIO BYAKaHMUYECKOro CTEeKAa M IelAd, 10 KOTOPOU
HAYT TPOIlecChl o)KeAe3HeHHUs, XAopuTHu3anuu. OOAOMKU
TOPHBIX MOPOA-3((PY3UBOB YyTAOBATHIE, IOAYOKATAHHbIE,
AOCTHUTAIOT B IIONEepeyHHKe 2-3CM, eAMHUYHBle AO 5 cM. MHorue
0DAOMKU 00OXPEeHbBI, XAOPUTU3UpoBaHbl. Cocrasasiior Ao 20%
OT BCeM Macchl. MUHEpPAAbL: lINar'MOKAA3bl, KBApLl, YellyHKH
OUOTHTa, BO3MOXXHO pOroBass OOMaHKa, @ TaKXKe XAOPHUTHI,
Kap6onaThl. EAMHHUHLI 3epHa PYAHBIX MWHepaAoB. ITopoaa, B
11eAOM, KapOOHAaTHU3UPOBaHa.

AaBoOpeKYHH AAIIUTOBOrO COCTaBa, Cephble, IAOTHEIE, TBEPABIE,
O PeAKUM TpellliHaM 060xpeHbl. OOGAOMKU TOPHBIX IIOPOA U
MMIICPAAOB CLIEMEHTHPOBAHbI BYAKAHUYECKHUM CTEKAOM H
NenAoOM, KapOoOHATU3UPOBaHbl, IO TpellMHaM- 0O0XpEeHHI.
OOAOMKHU TOPHBIX NOPOA-3(DY3UBOB TeMHBIE, AOCTHUTAIOT B
nonepeyHuke 1 cM, coctaBasist Ao 10% oT obljeit Macchl.
HexkoTtopble M3 HUX XAOPUTH3IUPOBaHBI. MUHEpaAhI:
IIAQTHOKAA&3bI, KBapll, porosass obMaHKa, OMOTHUT, eAWHHUYHBI
3epHa PYAHBIX MHHepaAoB. B HeGOABIIOM KOAMYECTBE-XAOPHTLI,
KapOoHAaThl, BO3MOXHO, AMMOHMUT.

[Topopaa, B 11eA0M, KapOOHATHU3UPOBaHa.

AaBOOpPEKYHNU KOPUUYHEBATO-Ccephble, aHAAOTHUHbIE HHTEPBAAY
17,0-39,0M ¢ 60Aee CUABHOH CTelleHbIO XAOPHUTH3ALUH (IO
TpenjuHaM, OCHOBHOHU Macce, 0OAOMKaM TOPHBIX IIOPOA),
O>KeAe3HeHHL.

AaBoOpeKYMH, aHAaAOTHYHble HHTepBaAy 39.0-40.0m.

AaBoOpEKUMM, KOPUUHEBATO-CEPbIE, aHAAOIMUHbI MHTEPBAAY
40.0-44.0Mm.

AaBoOpeKyuH, cepble, aHAAOTMYHBI UHTepBaAy 44.0-45.0M.

AaBoOpeKYHH, KOPUYHEBATO-CepPhbl€, AHAAOTHYHbI UHTEPBAAY
45.0-57.0m.
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62.5-105.0
42.5

105.0-107.7
2.7

107.7-108.1
0.4

108.1-109.0
0.9

109.0-109.2
0.2

109.2-111.0
1.8

TycdoOpekuun cepble, MECTaMH, C TOAYOOBATbIM HAU
3eA€HOBATbIM OTTEHKOM. ITopOoAa NAOTHas1, TBepAas,
MeAKO3epHHUCTass. OOAOMKYU TOpHBIX IIOPOA U MUHEPAAOB
CIleMeHTUPOBaHbl OCHOBHOM MacCOM, IPEACTaBA€HHOM, IO BCeH
BUAUMOCTH, CMECBIO0 BYAKAHUYECKOTO CTE€KAA U IENAQ,

MOABEP KEHHOM YaCTAYHOM XAOPUTHU3ALUAH U OKPEMHEHHIO,
Kap6oHarusanu. OOAOMKH FOPHBIX IIOPOA IIPEACTABAEHBI

3¢ dy3uBaMHy, TOAYOKATaHbI, B IONepeYHUKe AOCTUTAIOT 1-2CM,
Ha OTAEABHBIX MHTepBaAax COCTaBAsIsA A0 10% oT obuiel Macchl.
HexoTopsle U3 HUX 1O KpasgM OXXKeAe3HEHBI U
XAOPUTHU3NUPDOBAHBI. MHHepaJ\I)IZ IIAGTHOKAQA3bI, KBAPT, poroBas
oOMaHKa, yelly¥MKu OMOTHUTA, CepUIMUTa, eAUHHYHbIE 3epHa
PYAHBIX MUHEPAAOB, XAOPHUTHI, KapOOHATHI.

TydonecuaHUK CBETAO-CEPbIM C 3€A€HOBATBIM OTTEHKOM,
CpeAHEe3epHHUCTBIN, C EeAMHUYHBIMU NOAYOKAaTAHHBIMH
0OAOMKAMHU TOPHBIX IOPOA, padMepoM A0 IxlcM. C uHTEepBara
106,2 M HAOAIOAQIOTCS THE3AQ, IPOKUAAKHU YIAS PA3MepPOM A0
0,3x0,3cmMm.

YToAb YepHBbIM, MeCTaMHi OypBIN, pa3ApOOAeHHBIH,
000XpeHHBIN, BO3MOXXHO, OKpeMHeHHBINH. OTAeAbHBIE YUaCTKHA
KpHUCTarAM30BaHbl. HabAIOAGIOTCSI eAMHUYHBIE 3epHa U MeAKHe

THE3A8 PYAHOTO MHUHEpaAa.

TydonecuaHuK cBeTAO-Cepbly, NOpUCTHIM. Habaropaercsa crabas
CAOUCTOCTh (OPUEHTHUPOBAHHOCTL) 3epeH. MUHepaAsbl:
OKaTaHHble MPO3payHble 3€pHA KBap1a, HAArdOKAas3Hl,
YelllyMKU OUOTHUTA, peAKHe 3epHa PYAHBIX MUHepaAoB, a TakXe
OOAOMKH TEMHBIX TOPHBIX MOPOA-3¢hdy3uBOB. OCHOBHON
Macco¥, Mo-BUAHMOMY, SIBASIETCS CMeCh BYAKaHHUUYECKOTO CTeKAa
Y 1leliAa.

IMecyuaHuK cepbid, TOHKO3EPHUCTBIM, HAOTHBIH, TBEPABIH, C
IPOCAOMKOM YepHOI'o yIrAsd MoIIHOCThIO 0,3cM,
KPHUCTAAAM30BaHHOTO.

AAEBPOAUT, 3€A€HOBATO-CEPBIN, IepeMATHIN, pa3ApPOOAEHHBIN,
xaopurusupoBal. MuaTepBan 110,2-110,4- npocao¥Ka nmecyaHUAKaA
3€A€HOBATO-Ceporo, NepeMsTOro, HHTEHCUBHO
XAOPUTU3UPOBAHHOIO, IPYO03epHUCTOTO.
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111.0-113.2
2.2

113.2-114.6
1.4

114.6-126.1
11.5

126.1-126.2
0.1

126.2-133.6

7.4

133.6-134.7

1.1

134.7-136.0

1.3

AAEBPOAUT II€CYaHUCTBIY, TEMHO-CEPBIH, BO3MOXXHO,
YIAC(HhHUIIMPOBATIIILIN, MCCTaMH XAopUTH3UpoBal. Ha uirrecpsaac
112,8M HabAIOAQIOTCS IPDOCAOMKH YEPHOTO YTASI, MECTAaMU
KPHUCTAAAM30BaAHHOIO, IHPUTU3HPOBAHHOTIO, MOUIHOCTHIO 7-8CM.
B neaoM nopoaa KapOOHATU3UPOBAHa.

Yroab 4epHBIH, OTAEAbHBIE IIPONAACTKY KPUCTAAAM3OBAHEL.
HabaropaaeTcsi CAOUMCTOCTh, MEeCTaMHU 000XPEHHOCTH
(O’KeAe3eHUe), THe3Aa ¥ BKpallAeHHUKHA pYAHOTO MUHepaia
(iupura). [MTopoaa pasapobaeHa, caerka KapboHATU3UPOBAHA.

Tydonecuanuk rpy603epHUCTHIN, OPEKYHPOBAHHbIN, CEPBIU C
roAyGOBaThIM, MECTaMH, 3€A€HOBAThIM OTTeHKOM. [Topoaa
xXpyukas, AeopMUpoOBaHa, UHTEHCUBHO XAODPUTHU3UPOBAHA,
KapOOHATHU3UPOBAHA.

YTOoAb YepHBIH, TAOTHBIM, TBEPABIM, BO3MOJKHO, OKPEMHEHHBIN.
Ha OTAeAbHBIX y4aCTKaX CAOMCTOE, MeCTaMU, BOAOKHHUCTOE
crpoeHue. [lopopa, B eaoM, KapOOHaTU3UPOBaHaA.

TydonecuaHUK cephiil ¢ 3€A€HOBATBIM OTTEHKOM,
OpeKYupOBaHHBIM, rpyO00O3epHUCTHIN, CPEAHEN TBEPAOCTH, Ha
OTACABIIBIX Y'1aCTKax Pas’pApOOACHIIBIA, TTePeMSITLIN, OBAOMKH
TOPHBIX IOPOA AOCTUTAIOT B IOIlepeYyHUKe 3-4CM, HOABEPIKEHBI
WHTEHCUBHOM XAOPHUTH3allMM, KapOoHaTu3auuu. Hekoropsle u3
HUX TTOAHOCTBIO 3aMellleHbl XAOPUTOBOM Maccou. MuHepaAsbI:
MIAATHOKAA3, pPeAKHe 3epHa KBaplia, eAMHUYHBIE 3epHa PYAHBIX
MHHepaAOB, BO3MOXXHO, poroBasi oo6MaHKa. OCHOBHasi Macca
TaK>XKE TOABEP)KEeHA UHTEHCUBHOMU XAOPUTU3ALUY,
Kapbonatuzauuu. [Ipryem, KapOOHATHI TaK)Ke pa3BUBaOTCA IO
TpeljuHaM, 3alOAHAIOT IYCTOTHI.

YTOABb YepHBIN, IAOTHBIN, BO3BMOXHO OKpEMHEHHBIW, MECTaMHU,
KPUCTAaAAM30BaHHDBIN.

Ty oareBpOAUT, ceprlli, CpepHed IAOTHOCTH C OOAOMKaMH
TOPHBIX IIOPOA, pa3MepoM A0 2cM. OOAOMKH OKaTaHHBIE,
IIOAyOKaTaHHble. | lopoAa HHTEHCUBHO XAOPUTU3UPOBaH4,
KapOOHATU3UPOBaHa (KaK OCHOBHASl Macca, Tak U 0OAOMKH
nopoja U MuHepaaoB). HabaropaeTcsi CAOMCTOCTD
(opueHTHPOBAHHOCTL) 0OAOMKOB. [Topoaa pa3apobaeHa,
nepeMsTa.



136.0-140.0

4.0

140.0-144.0

4.0

144.0-150.0
6.0

150.0-153.0

3.0

153.0-155.4
2.4

155.4-159.0
3.6

YTAUCTBIM aA€BPOAUTOBBLIM CAaHEIl TEMHO-CEPhIH,
[IePEeCAaUBAIOIINICS C CEPBIM @aAeBPOAUTOM. [1o IAOCKOCTH
HACAQEHHS] MOXKHO NPEATTOAOXKHTD 00 yTAe HapeHHs IOPOABI-
12-15 . OrpeabHBle yYacTKU KapOOHATU3UPOBAHHI.
HabAmoparoTcd eAMHUYHBIE IDOCAOWKH YTAST MOUJHOCTBIO AO
lcm.

ANEBPOAMT cepHIY, OTACAbHBIe YYAaCTKHU TeMHO-cephle,
BO3MOXHO, yTaeduIupoBaHHble. Ha OTA€ABHBIX MHTEpBaAax
nmopoaa nepeMsTa, pa3ppobaeHa. B meaom,
KapOoHaTH3WpoBaHa. EAMHWYHEI IPOCAOMKH YTAUCTOrO CAA@HIIA
MOIIHOCTBIO A0lcM.

AAeBDOAUT CBETAO-CEPBIH, BO3BMOJKHO, U3BECTKOBBIU C
[IpPOCAOMKaMHM CpepAHe3epHUCTOro IecyaHuka. [Topopa Ha
OTAEABHBLIX MHTepBaAax pasppoOAeHa, TpellvHOoBaTa.
EAMIIMUIID] IPOCAOMKH YyTAC(UIIMPOBAHHOM IIOPOADI
MOIIHOCTBIO A0 SCM.

TydhoOpekruus, TYPOKOHTAOMEpPAT, 3eA€HOBATO-CEePhIH,
IIAOTHBIN, TBEPABIHM, C OOAOMKAMHU I'OPHBIX TOPOA-3PPY3UBOB,
AOCTUTAIOIINX B NollepeuHuke 8cM. OBAOMKH IIOAYOKaTaHHEIE,
OKaTaHHbIe, UHTEHCUBHO XAODHUTHU3UPOBAHKL. [lopoaa, B LEAOM,
KapOOHATHU3VMPOBaHA, XAOPUTU3UPOBAHA.

AaeBpoauT Oypo-KopruHeBbIA. HabArOA@eTCS CAOUCTOCTB,
eAMHUYHBI OKaTaHHbIe 3epHa KBaplla, 4YellyHKH OGHOTHTa.
[Topoaa MHTEHCUBHO KapOOHATH3UPOBaHa, XAOPUTH3HPOBaHa
KaK [0 TpelujdHaM, Tak U Mo IYCTOTaM.

TydoaaBsl, Tyl pPUOAUTOBOI'O COCTaBa, CBETAO-Cephle,
IIOPHUCTBIE, MECTAMH, pa3MepoM A0 2CM. MHUHepaAsbL:
IIAGTHOKAA3, KBapl, OMOTUT, eAUHHUHLIE 3epHa PYAHOTO
MuHepaaa. [lopopa Kapb6oHaTU3UpPOBaHa, XAOPUTU3NPOBAHA.
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CkBaXuHa 21 (123))

3.0-24.2 AaBOOpeKUYHNU AALITUTOBOI'O COCTABa, CE€pPOBATO-KOPUUHEBLIE,

21.2 TBepAble, MAOTHBIE, MECTaMH, TPEUIUHOBATHIE, 10 TPEIUHAM
oboxpeHbl. OGAOMKHY TOPHBIX IIOPOA ¥ 3€pHa MHHEPAAOB, 110 Bcel
BUAUMOCTH, CIIEMEHTUPOBAHbBI CMECHI0 BYAKAHUYECKOI'0 CTEKAA U
nemnAa, KOTopasg 4aCTHYHO O060XpeHa, KapOoHaTU3UPOBAaHa.
OOAOMKH TOPHBIX HOPOA TEMHO-Cephble, 6ypble, 3PPY3UBHOTO
MPOUCXOXKAEHUS, YTAOBATHl, eAUMHWUHBbIE- cAaboOKaTaHHbIE,
pasmepom A0 2-3cM, peXe- A0 7CM B onepedyHUKe. 3HaUYUTEeAbHAast
4acTh TOPHBIX NIOPOA 000XpeHa, Y4aCTUYHO U3MeHeHa. M3
MHHEpPaAoB HabAIOAQIOTCA CBETAble MAaTOBbIE 3€pHAa IIAAarHOKAA30B,
IIOAYHpO3payHble 3epHAa KBapla, YeIIyWKHU OUOTUTAE, BO3MOJKHO,
poroBasi 0OMaHKa, a Tak’Xe KapOOHAThl, XAOPUTHI. EAMHUYHBI 3epHAa
pyAHOro muHepaAaa. [Topoaa, B 1€eAOM, KapboHaTU3HPOBaHa.

24.2-25.2  NAaBoOpeKYUH AQLUTOBOIO COCTABA, Cepble, IAOTHBIE, TBEPABIC, IO
1.0 PEAKUM TpeluHaM o00oxpeHbl. OOAOMKYU TOPHBIX IOPOA-

3 (Hy3MBOB TEMHBIE, AOCTUTAIOT 1CM B NIONIepeYHHKe, COCTaBASS
10% ot obuiert Maccel. HekoTopble OOAOMKH XAOPUTHU3UPOBAHBI.
MuHepaAbl: DAGTHOKAA3Hl, KBapl], OMOTUT, poroBass 0OMaHKa,
€AMHUYHbBI 3€pHa PYAHBIX MUHeparoB. B HeOOABIIOM KOAMYECTBE-
XAOPUTDLL, Kap()OHd‘l‘bl, FUAPOOKHUCADBLI XKeAelda. HOPOA&, B IJCAOM,
cAab0 KapOOHATU3MPOBAHA.

25.2-71.5 ANAaBoOpeKYHH, IO COCTaBy @HAAOTHUYHBI UHTepBaAy 3.0-24.2m.
46.3

71.5-105.0 TydhoOpekuuun cepnle, MECTaMH, C TOAYOOBAThIM OTTEHKOM,

33.5 IAOTHBIE, MEAKO3EDHHUCTBIE, CAa0O TpEeUIMHOBATHIE, 10 TpelluHaM,
MecTaMu, 060xpeHbl. OGAOMKH TOPHBIX IOPOA U MUHEPAAOB
ClleMeHTUPOBaHbl OCHOBHOH MacCCOM, CAOJKeHHON BYAKaHUYECKUM
MarepyuaAoM (nmemnea, cTekAao). OBAOMKU TOPHBIX OPOA, YTAOBATHI,
LIOAYOKaTaHbl, AOCTHUIAIOT 1CM B monepeuHuKe. MHUHepaAsbl
npeAcTaBAeHBbl NAAGTHOKAa3aMU, KBaplleM, poroBoM o6MaHKOH,
Yelury¥KaMu O6UOTUTa, PEAKUMU 3€pHAMU DYAHBIX MUHEDPAAOB,
kapboratamu. C naTepRara 104,5M B mopope HabOAIOAQIOTCA
eAVHWYHBIe 3epHa-THe3aa (a0 0,5cM) yras. Ha unTepBare 104.95-
10.5M-TpOCAOIIKa YTASI TEMHOIO, HOYTHA YepHOTO, KOTOPBIHA 1O
TpellluHaM KapOOHaTU3UpOBaH. [1opoAbl, BMeNaonue yroAb,
IOABEPKE€Hbl CUABHOMY TEKTOHUYECKOMY BO3AEUCTBHIO, Ha 4TO
yKashIBaeT UHTEHCHBHasA KapOoHaTU3aIusd, XAOPUTHU3AIIHUS,
BO3MOJKHO, OTaAbKOBaHHE (HOpOAA XUpHAS Ha OLLYID).
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105.0-106.4

1.4

106.4-109.3

2.9

109.3-109.7

0.4

109.7-111.0
1.3

111.0-115.8

4.8

115.8-120.7
4.9

120.7-132.0
11.3

AAEBpPOAUT, Cepbl¥, MECTAMU TEMHO-CEPhIM, KApOOHATHU3UPOBAH.
Habatopa10TCst TPOCAOUMKHY MEAKO3EPHUCTOTO CEeporo MmecuyaHukKa,
MOHIHOCTBIO A0 20cM.

ITecuaHHK cepblf ¢ 3eA€HOBAThIM OTTEHKOM, CPeAHE3epHHUCTHIH,
pa3ppo6aeHHBIN. [Topoaa KapOOHATH3UPOBAHA, HHTEHCHBHO
XAOPUTH3UpOBaHa. HabAOAQIOTCA IPOCAOMKH AAEBPOAUTOB,
aHaaroruuHble MHTepBaAy 105.0-106.4M, MomHOCTBIO A0 10CM.

ANCBPOAUT IIECYaHUCTBINM, TEMHO-CEPBIY, BO3MOJXHO,
yTAePUITUPOBAHHBIN, C EAMHHYHON IIPOCAOMKON YePHOTO YTAA
MOIITHOCTBIO A0 ScM. HabAroparoTcs TakyKe peAKHe THe3ad, IO -
BHAVUMOMY, YTAA.

YroAb 4epHBIN, MeCTaMH, OKPEMHEeHHbIN, KPUCTAAAU30BaHHBIN,
pa3apoOAeHHBIN. EAMHUYHBI BKPAIA€EHHUKH ¥ HeOOABIINE THE3AA
pyAHoro muHepaaa.C uHTepBanra 110.4M HaOAIOARIOTCS TOHKHE
IIPOCAOMKH YTAMCTOTO aA€BPOAMTA.

TydonecyaHUK OGPEeKYHPOBAHHBIM, CPEAHE3EPHUCTBIN, FOAyOOBATO-
cepbii, C EeAMHHYHBIMU OOAOMKAaMH TOPHBIX IIOPOA, AOCTHIAHLIMX B
nonepeyHuke 3 cM. [lopoaa XAOpUTHU3UPOBAHA,
KapOOHATU3UPOBaHA H, I0-BUAUMOMY, TEKTOHUYECKH
nepepaboTaHa.

TydoaaBsl, Tyhbl pUOAUTOBOIO COCTaBa CBETAO-CEPbIe, IAOTHBIE,
TBepAble. B OCHOBHOM Macce, NIpeACTaBAEHHON BYAKaHUYECKUM
CTEKAOM, HaOAIOAQIOTCS BKPAA€HHUKH KBaplia, IIAArMOKAa3a.
[Topoaa nmopucTas. ['1To nopamMm U Tpell¥HaM XAOPUTHU3UPOBAHA,
KapOOHaTHU3UPOBAHA, BO3MOXKHO, II0A TEKTOHUYECKUM
BosaercTBueM. C HHTepBaaa 117,0M yBeAMUHBaeTCsI KOA-BO TEMHBIX
OOAOMKOB TOPHBIX IIOPOA, MeCTaMH, AocTurasi B ob1eit Macce 10%.

TythonecuaHUK 3eAeHOBATO-CepPBIH, IPYDO3EPHUCTHINA, TAOTHBIA C
OOAOMKaMH TOPHBIX ITIOPOA- 3(PPY3UBOB, AOCTUTAIOIIHAX B
nonepeyHuke 1 cM. OBAOMKY OPOA CAerka OKaTaHHBIE,
yraosarbie. C uirrepsasa 126.0M nopoaa pasapobaciia, MHTCHCUBIIO
XAOPUTU3UPOBAHA, KapOoHATU3UPOBaHa. PazMmepbl 0OAOMKOB
FOPHBIX IMMOPOA YBEAHYUBAIOTCHA, EAUHUYHBIE AOXOAAT A0 5-8CM B
nonepeyHHkKe,
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CkBaxuna 22 (1172)

0.0-18.0
18,0

18,0-24.0
6,0

KpyrHro0oOAOMOUHBIM MaTepuana (uiebeHb, TABIObI} PA3AMYHBIX 1O
CoCTaBy NOpoA (TydoOpeKduH, AGBOOpPEeK4YUH, AHAE3UTHI, AHAE3UTO-
0a3aAbThl, CIEMEeHTUPOBAHHbIE 1eCYaHUCTO-TAMHUCTON Maccou. -
BOABIIMHCTBO OOAOMKOB MHTEHCUBHO 000XPEHO,
XAOPHUTHU3UPOBAHO, KAPOOHATU3HUPOBAHO.

AaBOGpEKYHH AAIIUTOBOIO COCTaBa, Cepble, C KEATOBATO-
KODHYHEBBIM OTTEHKOM. [Topoaa pa3ppobaeHa, epeMsTa,
npepcTaBA€Ha, B OCHOBHOM, IeOHUCTBIM MaTepHaAoM,
xaopuTu3upoBaHa. OGAOMKH MHTEHCHBHO 06OXPEHBI,
XAOPUTHU3UPOBAHBI.
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CxkBaxuHa 23 (1240)

0,0-11,0 CALIOLI, 11e6CibL Pa3AMYHBIX IO COCTaBY NOPOA (@HAC3UTDI,
11,0 6a3anbThl, TYyQOOpeKUnH, AaBOOpeKUuH U T.A.). OBAOMKHU
HUHTEHCUBHO O0OOXPEHB!, XAOPUTH3UPOBAaHBI, KAPOOHATU3UPOBAHBI.

11,0-30,0 LlleGenb, TABIOBI A@BOOPEKUYUM PHUOAGLIIUTOB CePBIX, C 6YPbIM
19,0 oTTeHKOM. OOGAOMKH MHTEHCUBHO 000XpeHbl, KapOOHATH3HMPOBAHHI,

XAOPDUTHU3HUPDOBAHEI.
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CkBaxuHa 24 (1301)

3.0-54.0
51.0

54.0-55.7
1.7

8.3

64.0-81.0
17.0

81.0-90.6
9.6

0.5

AaBOOpPEKYNHM PHUOARLIATOBOIO COCTaBa, C KOPUUHEBBIM OTTEHKOM,
IIAOTHBIE, TBEPAble, MECTAMH TPeIIMHOBAThIe, HA OTAEABHBIX
WHTepBarax pa3ppobaennsble. 1o Tpemmuam oboxpensl. [Topoaga, B
IleaoM, Kap6onatusupoBana. CroKeHa OOAOMKaMU FOPHBIX IIOPOA U
MUHEPAAOB, CIIeMeHTUPOBAHHbBIX BYAKAHUYECKUM MaTepUaAOM
(memea, creknao). OGAOMKH TOPHBIX IOPOA 3PPYy3UBHOIO
IIPOUCXOXKAEHUSA, UMEIOT pasMep A0 3 CM B IIOIlepeyHHUKe,
eAMHUYHBIE A0 5-6 cM, cocTaBasisi A0 20% oT o6IeM Macchl Ha
OTAEABHBIX UHTEePBaAaX. bOABIIMHCTBO OOAOMKOB 0060OXpeHO.
OOAOMKH yTAOBaThle, pexe carabooKaTaHHble. MUHepaAbl: MATOBbIE
3epHa IIAAriOKAa30B, IOAYIIPO3payHble 3epHa KBapla, YellyuKHU
OuoTHUTa, poroBasg oOManka. EAVHUYHBI 3epHa PYAHOTO MUHEPaAa.

AaBoOpeKYnH PHUOAAIIUTOBOTO COCTaBa, TOAYOOBATO-Ccephle, IO
MHWHEPAaAOIrHUeCKOMY COCTaBy aHAAOTHYHB! BbIIIEOIUCAHHOMY.
OOGAOMKHM TEMHBIX TOPHBIX NTOPOA-3PPY3UBOB AOCTHUTAIOT 1 CM B
IornepevyHrnKke, coCTaBasisi TpubdbAnsuTeabHO 10% OT 0OI1Llel Macchl.
[Topoapa kap6OHATU3UPOBAHA.

AaBOOpEKYUH, CepOBaTO-KOpUYHEBbIe, aHAAOTUUHBI UHTepBaAy 3.0-
54.0m.

Tydobpekuyun cepble ¢ TOAyOOBATBIM OTTEHKOM, IIAOTHbIE, MECTAMHU
TpemMHoOBaTeie, 1O TPellMHaM O0OXPeHbl, KapOOHATU3UPOBAHHI.
OBAOMKH TOpHBIX IOPOA ¥ MUHEPAAOB CIIeMEHTHPOBAHBI
BYAKQHUUYECKHUM CTEKAOM H nenaoM. OOAOMKHU TOPHBIX IIOPOA
YTAOBaThie, pa3zMepoM A0 3 cM. MuHepaAabl: IAQTMOKAA3bl, KBapIl,
OMOTHUT, porosasi oOMaHKa, eAUHUYHEBI 3epHAa PYAHOIO MHHEPAA4,
KapOoOHaThl, THADOOKUCABI Xeae3a. [Topoaa, B LleaoM,
KapOoOHaTU3UpPOBaAHA.

TydonecuaHUK 3eA€HOBATO-CEPbIM, IAOTHBINA, MEAKO3EPHUCTHIH,
TPEIUHOBATHIY, IO TPelJMHaM O0OOXpeHHbINM C HeOOABLIUM
KOAMUECTBOM OOAOMKOB TOPHBIX HOPOA ( A0 5%). MuHepaasl: KBapli,
HAAI'MOKAE3LE, OuoTuT. Ha nnrepsase 89.80M - eaAMHUUYHast
LIPOCAOMKA YI'ASE MOLHOCTBIO 3cM. EAMHUUHBI BKpAlIACHHUKUY W
rie3pa pyAHOTO MUHepaAa-nmupura. Habaroparorcss HeGoAbLIME
IIPOCAOUKHU rpyb03epHUCTOTO TydonecyaHUKa ¥ TPABEAMTOB.

YIAUCTHIN @aA€BPOAUTOBHINA CA@Hel], TEeMHO-CephiH, IIOUTH YePHBIH,
pa3ApOOAEHHBIN C IPOCAOMKAMU YTASI, KOTOPBIM YaCTHYHO
KpucrtaaamsosaH. [Topopa kapOoHaTU3UPOBaHa.
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91.1-93.0
1.9

93.0-97.1
4.1

97.1-99.0
1.9

99.0-102.0

3.0

102-118.0
16.0

AAEBDPOAUT NECYaHUCTBIN, CEPBIN, IO TpeUlMHAM
KapOOHATU3UPOBAH, UHTEHCUBHO XAOPUTU3UpPOBaH. Ha MHTepBare
92,4-92,55M- npocaorKa Ipy603epHUCTOr0 NecYyaHMKa, KOTOPBIN
WHTEHCHBHO XAOPUTU3UPOBAH.

Tydonecuanuk cepbiid, A0 UHTepBaAa 93,3M- CBETAO-CEPBIN C
3€ACHOBATHIM OTTEHKOM, MEAKO3E€DHHMCTBIM, IIAOTHBIH,
TPELIMHOBATHIH, 110 TpelMHaM KapOOHATH3UPOBaH, UHTEHCUBHO
XAopHTHM3MpOBaH. Ha uaTEepBare 94,5-94,6M- npocaoiika
rpy0o3epHUCTOro NnecyaHuKa 3eA€HOBATO-Ceporo, ¢ HabaropaeMou
CAOUCTOCTBIO, KApOOHATU3UPOBAHHOTO, XAOPUTU3HPOBAHHOTO.

YTOAB YepHbIN, pa3ApOOAEHHBIN, MECTAMU OKpEMHEHHBIM C
PEAKHMHU IIPOCAOMKaMH (A0 3CM) cephIX aAeBpOAMTOB.Ha oTAEABHBIX
y4JacTKax yroab KpUcTarAusoBaH.HabaroparoTcss eAMHUYHbBIE
BKpPAIIA€HHUKU U THEe3Aa PYAHOro MHHepara-nupurta.Ha nHT.97.4-
97.5M-1IPOCAOMKAE CepPOM NMeCYaHO-TAUHUCTOM NOPOADI.

TydonecyaHUK CBETAO-CEPBIM, MECTAMH C 3€A€HOBATBIM OTTEHKOM,
MEAKO3EePHUCTBIN, C IPOCAOMKAMU CpeAHEe3epHUCTOTO,
rpyb6o3epHUCTOro lecyaHuka. [lopoapa TpellnHOBATa,
KapboHaTHU3UPOBaHa, CO CAAGO BHIPA’KEHHOW CAOUCTOCTHIO.

TydonecyaHUK CBETAO-CEPbIH, TAOTHBIN, TBEPABIK C 0OAOMKAMU
FOPHBIX IOPOA, pazaMepoM A0 IxlcMm. Tlo TpemyHaMm
KapbOHATU3UPOBAH.
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CkBaxuHa 25 (10495)

3.0-8.0
5,0

8.0-12.0
4,0

12,0-16.0
4,0

16,0-44.0
28,0

44,0-56.0
12,0

56,0-65.0
9,0

65.0-189.0
124,0

CoBpeMeHHble OTAOKEHMS, IPEACTaBAeHbBl OOAOMKAMH (TABIOHI,
1mebeHb) AaBOOpeKUnH, TYyPOOpPEeKUYUH, TeCKaMHu.

[lecyaHHMK >XEATOBATO-CEPBIM, MeAKOo3epHUCTHIN. LlIram
IIpeACTaBAEeH 0OAOMKaMU IAOTHOM, TBEPAOM IIOPOABI, KOTOpast
KapboHaTu3upoBaHa, o6oxpeHa. HabaroparoTcs:i 0OAOMKHA
MHHEPAAOB ¥ FOPHBIX IIOPOA,

TydoareBporuT 6ypo-KOPUYHEBBIA C PEAKUMU OOAOMKAMHU FOPHBIX
nopoa-a3ddy3uBos. [Topopa crabo KapOGOHATU3UPOBAHA, BO3MOJXKHO,
MeCTaMHU XAOPUTU3UPOBaHa.

Tydsl, Tydorassl, 6AepAHO-3eAeHBIE C 0OAOMKAMU TEMHBIX FOPHBIX
nopoa. Ilopoaa crabo KapOboHATU3UPOBaHa, XAOPUTHU3UPOBAHA.

TydoareBpOAUT TEMHO-KOPUYHEBBIM, C 0OAOMKaMHU TOPHBIX ITIOPOA-
3¢ dy3uBoB. [lopoaa crabo KapboHaTHU3UPOBaHa,
XAOPUTHU3UPOBaHa.

Tydobpekuuu CBETAO-Cepble C TEMHBIMH OOAOMKAaMM TOPHBIX
nopoA. llIaaM npeacTaBAeH OOAOMKAMHM TBEPAOM, IAOTHOWU IOPOABL.
N3 muBepanoB HaOAIOAQIOTCS MAAGTMOKAA3BI, KBapIl, peAKO OHOTHT.

Tydobpekuuu 3ereHOBATO-Cephle, TAOTHBIE, TBepAble. OOGAOMKU
TOPHBIX MOPOA-3PdY3UBOB YIAOBATHL, pa3MepoM A0 2-3CM B
IonepeyHuke. 13 MuHeparoB HaOAIOAGIOTCS KBapIl, IAGrHOKAA3HI,
pe’Xe OMOTHUT, BO3MOJKHO, poroBasi oOMaHKa. Take HabAIOAQIOTCS
OBAOMKH BYAKAHMYECKOIO CTE€KAd, KOTOpPO€E, BEPOSITHO, BXOAUT B
COCTaB OCHOBHOM IleMeHTHUpYyIolllell Macchl. [Topoaa
KapOOHaTU3UPOBaHa, Ha OTAEAbHBIX MHTEpBaAax
XAOPUTHU3UPOBAaHa.
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CxkBaxuHa 26 (1103)

26.7

29.7-40.5
10.8

40.5-40.55
0.05

40.55-43.1
2.55

43.1-44.9
1.8

44.9-59.2
14.3

AaBOOpEKYHH AQIIUTOBOrO COCTaBa, Cephle, C JKEATOBATBIM, OypbIM
OTTEHKOM, Ha OTAEABHBIX MHTEepBaAax pa3ApoOAeHHHIE,
TPEIIHHOBaThIe, IO TpellWHaM WHTEHCHBHO o)KeAe3HeHHI. [Topoaa B
IIeAOM KapOOHaTU3UPOBAaHA, XAOPUTU3UPOBAHA, COCTOUT U3
0OAOMKOB rOpHBIX IIOPOA U MHUHEPAAOB, CIleMeHTHDPOBAHHBIX
BYAK@HUUYECKHUM IIeIAOM B CTeKAOM. OOBAOMKHU I'OPHBIX IOPOA-

3¢ dy3UBOB-yrAOBaTH], pa3MepoM A0 1CM B IIONEpPEYHHKE,
eAMHHYHBIE A0 3-4CM, COCTABASISI Ha OTAEABHBIX HHTepBarax A0 10%
OT o0O1ey Macchl. MHUHepaAbl: IAAaTHOKAa3bl, KBapl,, OHUOTHT,
THAPOOKHCABI JKeAe3a, KapOoHaThl, XAOPHUTHL. [lopoaa, B 11eAoM,
HHTEHCUBHO TEKTOHHUYECKHU NepepaboTaHa.

TydonecyaHUK roayboBaTO-CEPBIN, XPYIKUM, TPEIIUHOBATBIN, IO
TpellliHaM O0OXpeHHbBIN (0XeAe3HeHHbIN). [Topoaa
KapOOHATU3UPOBaHa, XAOPUTHU3UpOBaHa. Ha OoTAeAbHBIX
WHTepBaArax pa3apobaeHa. HabAroparoTcss eAMHUYHbIE OOAOMKH
TEMHBIX F'OPHBIX IIOPOA, pa3MepoM A0 1CcM B nonepeyHuKe.
MuHepanbl: MOAyOKaTaHHbIe 3epHa KBaplia, HAGaTMOKAa3bl, OMOTHUT.
C nnTepBanra 39.0M pa3Mep 3epeH YyTh YBEAMUUBAETCH, ITOPOAA
npuobpeTaeT 60oAaee TEMHBIN IIBET.

[Tpocaoiika yTAasi 4epHOro, TAOTHOrO, O TpelluHaM 0H60XpeHHOoro.

AAEBPOAUT NECYaHUCTBHIN, CEPBIM C 3€A€HOBATHIM OTTEHKOM,
KOTOPBIYA IpHoOpeTaeTcs 3a cYeT XAOPUTHU3AIUU IOPOABL.
OTAeAbHBIE YYAaCTKHM ITOPOABI TEMHO-CEpble, BO3MOJXHO
yraedunupoBaHbl. HabAropaeTcss caabasi CAOMCTOCTb.

Yroab 6ypbi¥, OYpOBaTO-4E€PHBIN, TPEIIHHOBATHIM, MEeCTaMu
pa3ppoOAeHHBbIN, OKpeMHeHHbIH. [To TpeninHaM KapOoHAaTU3UPOBAH.
OTAeAbHBIE Y4aCTKU KpUCTarAn3oBaHbl. HabAropaeTCcss CAOUCTOCTb.
EAMHWYHBI BKpAIA€EHHHUKH MHPUTA.

Tydonecyanuk ronyboBaTo-Ccepbid, 6pEKYUPOBaHHbBIN, XPYIIKUH.
AedopMUupoBaH, paccaaHIoBaH, nepeMaT. HaGA0Aal0TCA OOAOMKH
TrOPHBIX IOPOA, AOCTUTAIONIUX B IlolepeyHUKe 1CM, MHOTHE U3
KOTODbIX YaCTUYHO, AU IIOAHOCTBIO, 3aMellleHbl XAOPHUTOBOM
MaccoH. [Topoaa, B IIeAOM, HHTEHCHBHO XAOPUTH3UPOBAHa4,
KapbonaTtnsvpoBaHa. HabAOAQIOTCS peaAKue 3epHa MAariOKAa30B,
KBapua, 6UOTHUTA.
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1.2

60.4-64.8
4.4

64.8-67.2
2.4

4.9

72.1-78.0
5.9

YToAb YEepHBLIN, pa3pApPOOAEHHBIN, OTAEAbHBIE YYaCTKU OKpEeMHEHHBIE.
MecTaMH, yTOAb KPUCTaAAM30BaH. 1o TpemHam
KapOOHATU3UPOBAaH.

ANEBPDOAMT, TEMHO-CEPBIM, BO3MOKHO yrAe(UIUPOBaHHBIM.
HabAropaeTcst CAOMCTOCTD. BupMMOe napeHue NPUOAU3UTEABHO 15
NMeroTcst HeOOABITUE MPOCAOMKU CBETAO-CEPOTO 1IBETd, a TaKXKe
IIPOCAOMKY TOHKO3epHUCTOTO IIecYyaHUKa.

AAEBpPOAHMT, CcepblM, MHTEepBaA 65,3M- IPOCAOMKA OYpOTO yTA4,
IIAOTHOTO, BO3MOXHO OKPEMHEHHOr0, II0 TpelInHaM
KapOOHATU3UPOBAHHOTO, MOUIHOCTLIO 3CM.

[lecuaHUCTBIHM aAeBPOAUT Cepbld C KOPUYHEBBIM OTTEHKOM,
TPEIUHOBATHIY, IO TpelIUHAM, MUKPOTpeIuHaM
KapOoHaTU3upoBaH. OTAEAbHBIE YYaCTKU-XAOPUTU3IUPOBAHEL.
HabAroparoTcst OKpyTAble 3epHa KBaplla, IAATAOKAA3bl, YellyuKU
ouoTHUTa.

Tyt oraBBI-Ty(B PUOAUTOBOTO COCTaBa CBETAO-CEpPBIe, MeCcTaMU
XAOPUTU3UPOBAHHLIE, TPEIIHHOBAThEIE C OOAOMKAMU TOPHBIX IOPOA,
TEeMHO-CEPbIX, YTAOBATHIX, pasMepoM A0 1cM B IoNepevyHUKe.
HekoTopble U3 HUX YaCTUYHO 3aMelleHbl XAOPUTOBOM MacCOM.
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CkBaxwuHa 27 (1103)

3.0-30.5
27,5

0.05

30.55-32.2
1.65

32.2-32.4
0.2

32.4-32.5
0.1

0.5

33.0-35.0
2.0

3.8

38.8-40.5
1.7

40.5-42.4
1.9

TydoOpexkunu ronyboBaTo-ceprlie, IAOTHBIE, TBEPAbIE, Ha
OTAEABHBIX WHTEpBaAaxX TPellMHOBaThIe, IO TpeujHHaM
KapboHaTH3MpPOBaHbl. B OCHOBHOM MaccCe BBIAEASAIOTCS TeMHbIE
0OAOMKHY 3(P(DY3UBHBIX F'OPHBIX MOPOA M 3€pHA MUHEPAAOB.
OOAOMKHU ITOPOA TeMHBIE, IAOTHBIE, YTAOBATHIE, Pa3MepoM Ao 1cM B
ImonepevyHuKe, eAMHHYHBIE A0 3CM, COCTABASIOT B 00mIel Macce A0
5-10%. MBorue o6A0OMKH 000XpeHbl. MUHEpaAbl: AGTHOKAA3H],
KBapl, YellyUKHA OMOTHUTa, KAapOOHATHI.

YTroAb YepHBIH, NAOTHBIM, BO3MOXXHO, OKpeEMEHEeHHBbIH, 110
TpeuluHaM, MUKpPOTpelliHaM- KapOOHaTU3HUPOBAH.

TydoareBpoAUT, A0 UHTepBaAra 32,4M -DerecoBaTO-CePBIH, C
WHTepBara 32,4M- cepbId, IAOTHBIM, TBEPABIY, TOHKO3EPHUCTHIN.

IAMHUCTBIA CAaHel], 3eA€HOBATO-CePbIH, HA OTAEABHBIX ydYacTKaX
TEeMHO-Cepbll, BO3MOXHO yraeHUOUpoBaH, KapOOHAaTU3UPOBAH.

YToAb yepHBIH, pa3ApOOAEHHBIN, IepeMATHIN, BO3MOKHO,
OKpEeMHEHHBI.

I'AMHHUCTBHINA CAaHEll, 3eA€HOBATO-CEPHIY, aHAAOTMUYHBIY UHTEPBAAY
32.2-32.4m.

TydonecyaHWK CHABHO U3MeHeHHBIN, OpeKYUpPOBaHHbIH,
pa3apobaeH. TpellnHOBaThIM, UHTEHCUBHO XAOPHUTU3HNPOBAH,
KapOOHaTHU3UPOBAH.

TydonecuaHUK, 3eA€HOBATO-CEpPBIN, TPEIIMHOBATHIN, HA OTACABHBIX
MHTEepBaAaX Pa3sApOOAEHHBIN, pacCAaHI[OBAaHHBIA. OOAOMKH
TEMHBIX TOPHBIX NOpOoA-3DPY3UBOB UMeIOT pazMep Ao 0,5cM B
nomnepeuynrke. [To TpemuHaM nopopa KapboHAaTU3UPOBAHA, B
IEeAOM, MHTEHCUBHO XAOPUTH3UpPOBaHA.

TydolnecyaHUK CBETAO-CEPbIM, IAOTHBIN, TBEPADBIH,
TOHKO3€epPHUCTHIN.

AHAE3HUT TEMHO-CEPBIA C 3€A€HOBATHIM OTTEHKOM, C IOP(HUPOBBIMHU
BbIAeAEHHSMU MHUPOKCeHOB. [Topoaa TpelulHOBaTa, 10 TpeujuHaM
KapOOHATHU3HUPOBaHa, XAOPUTHU3MpPOBaHa. MONIHOCTb IIPOKHUAKOB AO
0,5cMm.
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42.4-43.5
1.1

43.5-43.6
0.1

43.6-44.4
0.8

44.4-45.1
0.7

45.1-47.35
2.25

47.35-47.45

0.1

47.45-48.0
0.55

48.0-63.9
15.9

63.9-64.7
0.8

64.7-66.0
1.3

66.0-72.5
6.5

72.5-90.0
17.5

TydomnecyaHUK 3eA€HOBATO-CEePbIH, CPEAHE3EPHUCTbIN, Ha
OTAEABHBIX MHTEpBaAaX- UHTEHCUBHO IlepeMSThIN,
XAOPUTHU3UPOBAHHBIN, C EAMHUYHBIMM OOAOMKAMU TODHBIX IOPOA,.

AAEBPOAUT KOPUYHEBATO-CEPHIN C TOHKMMHU IPOCAOMKAMH YTASL. (AO
0.3mMM.).

TydoareBpOAUT cephlii, TAOTHBIM, TBEPABIH, TPELIUHOBATHIN, 11O
Tpel¥HaM-KapOOHAaTU3UPOBaH, OTA€AbHbIE YUaCTKU-IPOCAOMKH
UHTEHCUBHO XAOPUTHU3UPOBAHKI.

Tydonecyanuk, TeMHO-cepbli, Ha OTAGAbHBIX MHTepBaAax-
3eA€HOBATO-Cepbhll, KapOOHATU3UPOBAHHBIM, XAOPUTHU3UPOBAHHBIH,
UHTEPBaA 44,5-44,55M-IPOCAOHKA YTAST; IAOTHOTO, TBEPAOTO C
BUAMMBIM YTAOM HamAacToBaHUs 15-18 , caerka o60XpeHHBIH,
KapOOHATU3UPOBAHHBIU.

TydonecyaHUK, TOHKO3EPHHUCTHIHM, CBETAO-CEPBIN, TAOTHBIH,
MeCTaMH, BCAEACTBHH XAOPHUTH3allUU IpeobpeTaeT 3eAeHOBaTbIA
OTTEHOK.

YTOAB YepHBIH, IAOTHBIN, TBEPABIM, OKpEMHEHHBIM, TPelllUHOBATHIH,
IO TpelUHaM-KapOoHaTU3HUPOBaH.

AHAE3UT 3eAeHOBATO-Cepbi¥, NAOTHBIM, TPEIIMHOBATHIH, IO
TpelmHaM KapOOHATHU3UPOBAH, XAOPUTHU3UPOBAH C NOP(HUPOBBIMHU
BHIAGAEHHUSIMU IIUPOKCEHaA.

Tydonecyanuk 6peKYMpOBaHHBIH, Pa3APOOAEHHBIN, IePeMAThIH,
MHTEHCUBHO XAOPUTHU3UPOBAHHBIM, KapOOHATU3UPOBAHHBIN.

YTroAb YepHBIH, IepPeMsThIH, MECTAMH OKpeMHEHHbIH,
TpPEeLIMHOBATHIHM, IO TpelluHaM KapOOHAaTU3HUPOBaH, C MEAKHMH
NPOCAOMKAMH TeCUYaHO-TAMHUCTON TTOPOABI.

AAEBDOAUT NeCYaHUCTHIN, CEpPhIM, MeCTaMU TEMHO-CEPBIH,
BO3MOJXHO yrAe(HIMPOBAHHDBIHM, HA OTAEABHBIX MHTEPBaAax C
3€A€HOBATHIM OTTeHKOM. [1o TpenjuHaM - KapOOHATU3UPOBAH,
XAOPHUTU3HUPOBAH.

AAeBpOAUT, 6YpPO-KOPUYHEBHIH, MeCTaMH IAOTHBIH, TBepAbIH. [0
Tpelly¥HaM XAOPUTU3UPOBAH, KapOOHaTU3MPOBAaH.

Tydorassl, Tydbl pHOARIIUTOBOTO U PUOAMTOBOTO COCTaBa, CBETAO-
cepble C 3eA€HOBATBHIM OTTEHKOM. OOGAOMKHA TEMHBIX TOPHBIX ITOPOA
YTAOBaThl, UMEIOT pa3Mep A0 3CM B IIONEepEeYHHUKe.
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CkBaxuHa 28 (1148)

3.0-10.0
7.0

10.0-44.5
34.5

44.5-48.0
3.5

48.0-50.8
2.8

90.8-51.5
0.7

91.5-54.0
2.5

54.0-58.8
4.8

28.8-59.4
0.6

59.4-60.0
0.6

60.0-62.8
2.8

62.8-66.4
3.6

66.4-68.2
1.8

68.2-75.2
7.0

Tydobpekunn, rony6oBaTo-cepbic, OGAOMKH TBEPAOH MAOTHOM
OOpoAbBL VI3 MUHEpaAroB HaOAIOAQIOTCA KBapll, IAGTHOKAA3HI,
OUOTHUT, eAMHHYHBIE OOAOMKM PYAHBIX MHHeparos. HexkoTtopblie
0OAOMKU 0OOXpEHBI.

AaBoOpeKYnu pUOAAIIUTOBOrO COCTaBa, cepble C KOPUYHEBLIM
OTTE€HKOM, TBEpABIE, IAOTHBIE, MECTaMU TpelHHOBaTbhle, 0G0XPEHBHI.
ITo TpelmlmHaM XAOpUTH3UpPOBaHbI, KapOOHATH3UPOBaHbl. B
OCHOBHOM Macce BBIAGASIOTCS TeMHble OOAOMKHU IIOPOA U
MuHeparoB. OBGAOMKHU TOPHBIX HOPOA- 3P PY3UBOB, YTAOBATLHIE,
pazmepoM Ao 10cMm B monepeyHuke. M3 MuHeparoB HaOAIOAGIOTCS
3epHa KBapla, YelIYUKA OHOTHTa, HAGTHOKAA3HI.

AaBOOpeKYMU PHUOAALIMTOBOTO COCTaBa, rOAyOoBaTO-Ccephle, IO
MHHEPAAOIrM4eCKOMY COCTaBy @aHAAOTHMYHBI BbIII€ONUCAHHOMY.

AaBoOpeKYnH KOpHYHEeBaTO-cepble. AHAAOTHYHO MHTepBaAy 12.0-
44.5M.

AaBoOpekuuu roryboBaTo-cepble, aHaAOTUYHbIe 44,5-48,0M.
AaBoOpeKYnr KOpUYHeBaToO-Cephble, aHAaAOTUYHbIE HHTepBary 12,0-

44.5M.

AaBobpeKuyuu roayboBaTo-cepble, aHaAOTHYHO UHT. 44,5-48,0M.
AaBoOpeKYMH KOPpUYHEBATO-Cepble, aHaAOTHYHO HHT. 12,0-44,5M.
AaBoOpeKuynu TOAyGOBaTO-CEpbie, aHAAOTUYHO WHT. 44,5-48,0M.
NaBOOpeKYMH KOPHUUYHEBATO-Cephble, aHAAOTHYHO UHT. 12,0-44,5M, C
UHTepBaAa 61.59M - pa3zappoOAeHbl, 060XpEHHI.

AaBoOpeKYnr rory6oBaTo-cepble, aHaAOIMYHO WHT. 44.5-48.0M.

AaBoOpeKYNU KOPHYHEBATO-CEPhbIe, aHAAOTHYHO HHT. 12.0-44.5M.

AaBobpeKunu ronyboBaTo-cepbie, aHaAOTMYHO UHT. 44.5-48.0M.
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75.2-99.0
23.8

99.0-106.2
7.2

106.2-112.2

6.0

112.2-114.0

1.8

114.0-116.8

2.8

116.8-117.2

0.4

117.2-118.5

1,3

118.5-119.8

1.3

119.8-136.3

16.5

136.3-137.6
1,3

TydoOpeKuur 3eAeHOBATO-Cephie, MAOTHBIE, TBEPABIE, MECTaMHU
TpPELIXHOBAThIE, 110 TPelU[HHaM KapOOHATU3MPOBAHBL. B OCHOBHOM
Macce HabAIOAGIOTCS OOAOMKHM FOPHBIX IIOPOA B MHHEPAAOB.
OOAOMKH TOPHBIX IOPOA IAOTHBIE, TBEPABIE, IIPEACTaBACHBI
3¢ddy3uBaMU, YTAOBaThle, pa3MepOM A0 2CM B IOINEpEeYHUKeE.
HexoTopble U3 HUX OKEAe3€Hbl, XAOPHUTU3UPOBAHBI.

MuHepaAbl: KBapll, IIAG&rHOKAa3bl, YEITYUKH OMOTHUTE, EAMHHUYHBI
3epPHa PYAHBIX MUHEpPAAOB, KapOOHATHI, XAODPHTHI.

TydonecyaHHK cepbly, CBETAO-CEPBIN, IAOTHBIH, TBEPABIN C
YTAOBATBIMH IIOAYOKAaTaHHBIMHM OOAOMKAaMM TOPHBIX IOPOA,
pasmepoM A0 0,5cM B nonepeYHHKe, COCTaBASIOIIMMH B OOIIeH
Macce A0 5%. MuHepaanl: KBapll, OMOTHT, NAATHOKAA3EI, IO
TpeluHaM-KapOOHATHL.

TydonecyaHNK 3eAeHOBATO-CePhIN, MECTaMH PBIXABIH,
pa3ApOOAEHHBIY, CHABHO TPENIMHOBATHIM, IO TPeIlXHaM
KapOOHATHU3UPOBAaH, XAOPUTU3UPOBAH.

TydonecuaHUK cepbii, MECTaMU C 3eA€HOBATbIM OTTEHKOM,
IAOTHBIM, TBEPABIH, C OOAOMKAMH 3P PY3UBHBIX TOPHBIX HOPOA,
OOAOMKH yTAOBaTHIE, pPe’XKe MOAyOKaTaHHBIE, COCTAaBASIOT A0 5% OT
obI111ey Macchl.

TydoareBpOAUT cepblif, MECTaMU TEMHO-CEDPBIN, TPEUIMHOBATHIH,
CAeTKa KapOoHaTU3WPOBaHHBIN.

TydonecuaHUK CBETAO-CepBbIY, MEAKO3EPHHUCTHIN, NTAOTHBIH,
TBEPABIN, C PEAKHUMH THEe3AaMH, TOHKMMHU IPOCAOMKAMH YIAA (A0
3MMm).

YToAb 4epHBIN, MeCTaMHd KpUCTAAAM30BaH, OKpeMHEH, IO
Tpell¥HaM KapOOHaTU3UpPOBAaH, C IPOCAOMKAMHU CEepOro necyaHUKa,
IIAOTHOTO, TBEPAOTO, MEAKO3EPHHUCTOTO.

TydonecyaHuK CBETAO-CEPBIN, NAOTHBIM, C TOHKUMH IIPOCAOUKaMH
YTASL, CO CA@OOM CAOMCTOCTBIO HOA yTAOM 12-15.

TydonecuaHuK, TyoKoOHTAOMepaT, OpeKYMpOBaHHbBIH,
pasApoOAEeHHBIM, UHTEHCUBHO KapOOHATH3UPOBAHHBIY,
XAOPUTU3UPOBAHHBIN C OOAOMKaMH FOPHBIX IOPOA, OKaTaHHBIX,
YAaCTHYHO, 3aMENIeHHBIX XAOPUTOBOM MaCCOM.

YTroAb, 4aCTUYHO OKpEeMHEHHBIN, TpellMHOBAaThIM, CAerKa
KapOOHATU3UPOBAaHHBIN.
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137.6-147.0

9.4

147.0-149.8
2.8

149.8-151.0
1.2

151.0-156.0

5.0

AAEBPOAUT CEPBIH, C IPOCAOHMKAMH TEMHO-CEPBIX aA€BPOAUTOB,
BO3MOJKHO, C IPOXXKUAKaMu yrad. Habaropaercsa CAOMCTOCTD.

TAMHHUCTBIN CAdHEl, CBETAO-CEPbIH, Pa3APOOACHHBIN, MeCTaMU
0OOXpEeHHBIN, CO cAaOOM CAOUCTOCTBIO -15-18 .

TydonecyaHHUK CBETAO-CEPbBIH, IIAOTHBIM, TBEPABIU.

AAeBpOAUT OYpO-KOPHUYHEBHINM, MECTaMH, IO TpelluHaM
XAOPHUTHU3UPOBaH, KapOOHATHU3UPOBAH.
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CkBaykuHa 29 (1110)

15.7

18.7-20.5
1.8

20.5-22.2
1.7

22.2-22.6
0.4

22.6-24.0
1.4

24.0-27.0
3.0

27.0-29.6
2.6

29.6-30.2
0.6

30.2-31.0
0.8

31.0-36.5
5.5

36.5-45.0
8.5

CoBpeMeHHble OTAOKEHUS], NPEACTABACHHBIE I€CKAMM, CYTAMHKaMH
c o6AoMKaMH( 1iebeHb, TAbIOBI) AABOOPEKYNI PHUOAALIUTOB,
JKEATOBATO-CEPHIX, CEPBIX C YTAOBATHIMH OOAOMKAMH OCHOBHBIX
3P y3UBHBIX TOPOA.

ANEBPOAUT TEMHO-CEPBIM, Cepbli, MeCTaMH, C 3eAeHOBATbIM
OTTEHKOM, IlepeMATHIH, Pa3ApPOOAEeHHBIM, Ha OTAEABHBIX y4YacTKaX
oboxpeH. [lopoaa, B eaoM, KapOOHATU3UPOBAHA..

TydonecyaHUK CBETAO-CEPBIHA C 3€A€HOBATBHIM OTTEHKOM. [Topoaa
pa3apobaeHa, XAOPUTHU3UPOBaHa, KapOOHAaTU3WPOBAHA.

YTOAB.

ANEBPOAUT TEMHO-CEPHIN, Pa3ApOOAeH, KapOOHATU3UPOBaH,
XAOPUTHU3UPOBAH.

Tydonecyanuk cepblil C 3€eA€HOBATBIM OTTEHKOM, OpeK4YHMpOBaHHBIMN,
CpPEeAHE3EepHUCTBIH,

Tydonecuanuk cepbiil, DAOTHBIM, TBEPABIY, MEAKO3EDHUCTHIH,
TPELIWHOBATHIM, 10 TpeluHaM KapOoHAaTU3UPOBAH.

Yroas

TydokoHTAOMepaT 3eAeHOBATO-Cephid, OOAOMKHU IIPEACTaBAEHEI
cpeAHUMHU 3(pDY3UBHBIMH NOpoAAMU. PasMep 0GAOMKOB AOCTHTEET
20 10cM B monepevyHHKe.

ANAEBPOAUT CEpPBIM, MECTAMH, 3€A€HOBATO-CEPhIH, TPEIIHHOBATHIH.
ITopoapa KapOGOHATH3UPOBAHA, XAOPUTU3UPOBaHaA.

TydonecuanuK Cepbi¥, OAOTHBIY, TBEPAbIM, MECTaMH
TPEIIMHOBATHIHM, O TpelllMHaM OBOXpeHHBIH,
KapOoHaTHU3WpOBaHHBIMA. MecTamMu, nopoaa npuobperaeTr
3eAeHOBATO-Cephld LIBET, IO-BUAUMOMY, CAEACTBHE XAOPUTH3AIHUU
nopoabl. HabaroparoTcst eAMHUYHBIE OOAOMKH TOPHBIX HOPOA,
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CxkBaxuna 30 (10595)

3.0-21.5
18,5

21,5-64.4
42,9

64.4-93.9
29,5

93.9-94,5
0,6

94,5-96,1
1,6

96.1-97.4
1,3

97,4-99,2
1.8

AaBOOpEKYHH PHUOAALIUTOBOrO COCTaBa, roOAyOOBATO-CephIe, Ha
OTAEABHBIX MHTEpBaAax (MOIIHOCTBIO A0 20cM) nmpuoOpeTaroT
KOpHYHEBATO-0ypO-Cephbly LIBET, IAOTHbBIE, TBepAbIe, cAabo
TpelIUHOBaThle, 110 TpelllnHaM o00XpeHbl, KapOOHATH3UpPOBAHEI.
OOBAOMKHM TOPHBIX NMIOPOA CIIEMEeHTUPOBAHBI BYAKAHUYECKOM Maccou
(cTekno, nenea). OGAOMKHU TOpPHBIX IIOPOA YTAOBAThIE, pa3MepPOM AO
3cM B nmonepevyHUKe, [IPEACTABACHBI OCHOBHBIMH, CPEAHHMU

3¢ Py3uBHBIME TOpoAAMHU. HeKoTOphle 0OOAOMKY IO KpasiM
O’KeAe3HEHBI, XAOPUTU3UPOBaHbl. VI3 MuHeparoB HaOAIOAQIOTCS
KBapli, MAQTMOKAA3bl, YellyMKU OMOTUTa, EAMHUYHBL 3€pHa PYAHOTO
MHUHepaAa.

BazaAbT TeMHO-Cepbli, MOYTH YEpHbIM, NAOTHBIM, TBEPABIH,
TPelUHOBAThIN, IO TPeLUHAM KapOOHATU3UPOBaH, MeCTaMU
000XpEH, XAOPUTHU3UPOBAH. B OCHOBHOM Macce BBIAEAAIOTCS
BKpAlIA€HHUKU NHUPOKCeHOB. [1o BCel BUAUMOCTHU A@HHAsi MOpOAQ
NpeACTaBAsieT cOO0M CeKylllee TeAO-CHUAAY.

TydonecuaHUK CBETAO-CepbIH, MEAKO3EPHUCTHIN, IAOTHBIH,
TBEPABIHY, C peAKHMH OOAOMKAMM TOPHBIX IIOPOA, Pa3MepoOM A0
0,5¢M B nonepeuHuke. M3 MUHepaAOB HAOAIOAQIOTCS MEAKHe 3epHa
KBapla, 4eulyUKy OMoTUTa. EAUHUYHBI OOAOMKY TEMHOM 4epPHOU
IIOPOABI C BOAOKHHUCTBIM CTPOEHHEM, IO BCEW BUAUMOCTH,
OKpPEMHEHHBIM YTAEM, NAOTHBIM, TBEPABIM, padMepoM po Ixlcm.

TydonecyaHuK cepbllf, CpPEAHE3EPHUCTBIN, IAOTHBIM, CpeAHEH
TBepaocTH. [To cocTaBy aHarorudeH BhllleonucaHHoMY. [Topoaa
KapbOHAaTU3MpOBaHa, MEHee XAOPUTU3UPOBAHA.

AAEeBpDOAUT TeMHO-Cepbly, Ha OTAEAbHBIX HHTepBaraX pasApoOAeH.
Chab0 KapboOHATA3UPOBAH.

Konraomepar. OGAOMKH TOPHBIX ITIOPOA, pa3MepoM A0 1x1cwMm,
OKaTaHHBIe, IPEACTABAEHbI, B OCHOBHOM, 3 (Py3UBHBIMH I1OPOAAMHY,
ClleMeHTUPOBAHbl IeCUaHUCTON Maccoh. MHorue 0o6A0MKH
4aCTUYHO, Pe’Xe IMOAHOCTBIO, 3aMellleHbl XAOPUTOBOM MaCCOH.
ITopoaa Kap6oHATH3UPOBaHaA.

I'AMHUCTBIN cAaHel cepbll, MECTAMH TEMHO-CepbIl, cAabo
TPEUIWHOBATHIN, O TpeljUHaM KapOoOHaTU3UPOBaH, C MTPOCAOUKAMHU
KOHTAOMEPATOB, NEeCYaHUKOB, MOLIHOCTBIO A0 20CM.
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99,2-106,6  AAeBPOAUT KOpUUYHEBBINW, MECTaMHU C CEpOBATO-3€A€HOBATHIM
7.4 OTTEHKOM, C IIPOCAOMKAMU IrpyO03epHUCTOro IIeCYaHMKa, CEpPOro,
MOIITHOCTEIO A0 20cM. [Topoaa TpemuHOBaTa, 110 TPEIIMHaM
XAOPHUTHU3UPOBaHa, KapOOHATU3UPOBAHA.

106,6-109.7 TydobOpekuus, TyokoHrroMmepaT. OOGAOMKH IIOPOA OKATaHHBIE,
3,1 carabookaTaHHbIE, peXXe yraoBaTeie. Paamep oOAOMKOB A0 2cM B
nonepeyHuke, epAHUYHble A0 7-8cM. [Topopa KapOGoOHATH3HUPOBAHA.
MHorpe 0O6AOMKHY YaCTUYHO, HEKOTOPhBIe- IIOAHOCTBIO, 3aMell]eHbl
XAOPUTOBOU Maccou. Ao uHTepBaAra 106,5M- mopopa UMeeT
PO30BATO-CEPHIM OTTEHOK, AaAee 3eAeHOBATO-CEepPhIN.

109,7-1104 TydonecyaHUK CepHIN, C PEAKUMH OOAOMKAMH TOPHBIX IIOPOA,
0,7 paszmepoM po 0,5x0,5cM, eauHuyHble 0OAOMKH- 3x3cM. OOGAOMKH
TEeMHO-CepOo¥ IIAOTHOM 3(pdYy3UBHON NOPOABI. V13 MUHepaAoB
HabAIOpaeTCsl KBapl, OUOTHUT.

110.4-111.0 TydoKOHrAOMepaT NecTpOIBETHLIA, OOAOMKH PA3AUUYHBIX ITOPOA
0,6 YaCTUYHO XAODPUTU3UPOBAHBI, KAPOOHATU3UPOBAHBI.

111,0-123,0 TydonecyaHuK, cepbii, Ha OTAGABHBIX HUHTEDPBAAAX 3€AE€HOBATO-
12,0 CepbIy, TAOTHBIM, TBEPABM, MECTAMU TPEIUHOBATHIN, 11O
TpelMHaM-KapOOHaTU3UPOBAHHBIN, XAOPUTH3UPOBAHHBIH.
MecTramMu, THTEHCUBHO OKeAe3HeHHbIM. I3 MUHepaAoB
HaOAIOAQIOTCS KBApIl, OUOTHUT.
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CxksakuHa 31 (1040)

3.0-20.8
17,8

20,8-21.3
0,5

21,3-22,5
1,2

22,5-23.1
1,2

23,7-42.0
18,3

42,0-51,0
9,0

Tydel, TydoAaBE PUOAMTOBOTO COCTABA KEATOBATO-Cephie, Ha
OTAEABHBIX WHTepBaAaXx-TOAybOBaTO-Cepble, IAOTHBIE, TBEPADIE,
MeCTaMH TPelIMHOBAaThIe, IO TPelIMHAaM MHTEHCUBHO 0GOXpEeHHBbIe,
KapboHaTu3upoBaHHble. OOAOMKM TOPHBIX IIOPOA ¥ MMHEDPAAOB
CIIeMEeHTHPOBaHbl BYAKAHUYECKOM MACCOM( CTEKAO, IENeA).
OBAOMKHU TOPHBIX NOPOA-3(P(HY3UBOB yrAOBaThie, pa3MepoOM A0 2CM
B nonepeyHuKe. V3 MUHepaAroB HaOAIOAQIOTCSI IIAQTMOKAA3HI,
KBapl, OUOTHUT.

Tydonecyanuk roAyb6oBaTO-Ccepbll, TAOTHBIY, CpeAHEN TBEPAOCTH C
0OAOMKaMM rOpHBIX IOPOA, pa3MepoM A0 1xlcMm. Habaroparorcs
eAMHUYHBIEe THe3pa yTAs (0,5cMm x 0,5¢M). Tlopoaa no TpelyuHam
KapOOHATHU3MPOBAHA, HA OTAEABHBIX Y4YaCTKaX XAOPUTHU3UPOBaHa.

YTrOoAb YepHBIY, BbIBETPEABIY, TPEIIMHOBATHIM, pa3APOOAEHHBIH, 110
TpellMHaM OGOXPEHHBIN C OTAEAbHBIMH, IIAOTHBIMH, TBEPABIMH
y4aCTKaMH, BO3MOXXHO OKpPEMHEHHbBIMU.

TydonecuaBuK roayb6oBaTo-cepblyi, CPeAHE3EPHUCTHIH,
pa3ppOOAEHHBIN, TPEIIMHOBATHIM, 10 TpelIMHAM WHTEeHCUBHO
060xpeH, KapOOHATU3UPOBAH, C OOAOMKAMHU TOPHBIX IIOPOA-
5(¢dy3UBOB, pa3MepoOM A0 | CM B IonepeyHUKe.

Tydonecuanuk cepblyi ¢ A€TKUM PO30BATHIM OTTEHKOM, ITAOTHBIMN,
TBEDABIY, TPEIIMHOBATHIY, HA OTAEABHBIX MHTEpBaAaX pasApoOAeH,
UHTEHCUBHO OOOXpeH.

AHAE3UT roAy0OBaTO-CePhIX, NAOTHBINM, TBEPABIM, HAa OTAEABHBIX
WHTepBaAaxX TPelLIMHOBATHIM, IO TpelluHaM OOOXpPEeHHbBIH,
KapOOHaTU3UPOBAHHBIN. B OCHOBHOM Macce BBHIAEASIOTCS
nop(UpOBbie BHIAGACHUSA NHPOKCEHOB, IIAArMOKAA30B.
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CkBaxuHa 32 (970)

3.0-27.0
24,0

27,0-32.5
5.5

32,5-36.4
39

36.4-40.5
4,1

40,5-45.4
4,9

45,4-49.3
39

49.3-50,5
1.2

50,5-55.5
50

95,5-56,5
1,0

CoBpeMeHHbIe OTAOKEHUSs (IeCKHU, CYTAMHKU C IAblOaMy, leOHeM
A@BOOpPEKYUH).

TydobpeKuuu cepele C OYypBIM OTTEHKOM, IIAOTHBIE, TBEPABIE C
0OAOMKAMHU TOPHBIX IOPOA, pasmepoM Ao 1x1cMm. M3 MuHeparoB
HaOAIOAQIOTCSI KBAPI, IAAruoKAasbl, OUOTUT. [lopoaa TpeujuHOBATa,
o Tpel¥HaM KapOoHATU3MpPOBaHa, oOoXpeHa.

AAEBDOAUT CepHIX C 3€A€HOBATBIM OTTEHKOM, pa3ApoOA€eH,
TPEeLJUHOBATHIY, II0 TPelMHaM- cAabo KapOoHATU3UPOBAHHBIN.
HabAroparoTcst pepKle 3epHa KBaplia.

AreBpoOAUT 6YpPO-KOPHYHEBBIHM, pa3ApOOAE€HHBINM, TPElIWHOBAThIH,
o0 Tpell¥uHaM KapOOHaTU3UPOBAHHLIMU.

TydonecyaHuK cepblli, OPEKYUPOBAHHBIM, PA3APOOAEHHBIH,
KapOOHATU3UPOBAHHBIM, C OOAOMKAMU TOPHBIX IIOPOA, KOTOPHIE,
YaCTUYHO, 3aMelleHbl KapOoHaTHOM MacCoM.

TydonecyaHUK CBETAO-CEPBIY, TAOTHBIM, TBEPABIA C 0OAOMKAMU
TOPHBIX TOPOA-3((PY3UBOB, Pa3MepoM A0 2X2CM.

YTOAb YEepHBIH, Ha OTAEABHBIX YYaCTKaX MAOTHBIM, BO3MOXKHO
OKpEeMHEHHBIH, OKBApIIOBaH, KapOGoHAaTU3UPOBAaH, HEKOTOPBIE
0OAOMKH HMMeIOT cAaboe BOAOKHUCTOE CTPOEHUE.

AAEBPOAUT CepBIM, MECTAMU MAOTHBIM, C TPOCAOMKAMH
PA3HO3E€PHHUCTBIX NIeCYAHUKOB (OT MEAKO- A0 KPYIIHO3E€PHUCTHIX).
ITopoaa pasppobaeHa, TpeuinHOBaTa, KapOOHATU3UPOBAHA,
XAOPUTH3HUPOBAHA.

Tydbl pUOAUTOBOTO COCTaBa, CBETAO-CEPBle C OYPBIM OTTEHKOM,
IIAOTHBIE, TBEPABIE, TPEIIHHOBATHIE, IO TPELIUHAaM O0OOXPEeHHI.
OTAeAbHBIE YYACTKU CAA00 KapOOHATU3VMPOBAHBI.
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Appendix C

Thin Section Descriptions, in English, from samples of the

Antaramut-Kurtan-Dzoragukh Coal Field



Outcrop 2

Andesite

The texture is porphyritic and the groundmass is fluidal. The groundmass makes up 70% and the
phenocrysts make up 30% of the total mass. Phenocrysts are represented by plagioclase (15%),
monoclinic pyroxene (clinopyroxene) (7%), and olivine (3%). Accessory minerals include apatite
(~1%), magnetite (2%), and pyrite (1%). Secondary minerals include chlorite (1.5%), epidote (1%),
zeolite (2.5%), and carbonate (1.5%). Secondary minerals are developed mainly in the groundmass.

Groundmass consists of microlites of plagioclase and brown and dark gray volcanic glass and is
distinguished by fluidal texture. Within the groundmass occur chlorite and granular masses of
epidote and zeolite. Areas along microfractures are slightly carbonatized.

Plagioclase forms idiomorphic, tabular, grayish white crystals. Plagioclase is also a component of the
fluidal groundmass as microlites. Twinning is typical in the plagioclases. The composition of the
plagioclase corresponds to the composition of andesine-labradorite range (An 35-55). Refractive
index of the plagioclase, throughout the sample, in higher than the refractive index of Canada balsam
(1.54). A portion of the plagioclase is slightly subjected to saussuritization, giving it gray coloring.

Monoclinic pyroxene forms prismatic crystals, is colorless, with a high relief and typical basal section.
The angle of extinction is cNg = 43° and birefringence Ng-Np is 0.028.

Olivine is represented by thick tabular crystals and by spheroidal grains. It is colorless and has a high
relief. It’s angle of extinction is right (90°). The olivine is characterized by irregular fractures and
high birefringence (Ng-Np = 0.040).

Apatite is colorless and composed of oblong acicular crystals. It’s angle of extinction is right (90°),
birefringence is low (Ng-Np - 0.002), and relief is high.

Ore minerals are black, brownish black, and brown.



Outcrop 3

Volcanic Breccia of Dacitic Composition

The texture is crystalloclastic [made up of fragments of minerals], with vitroclastic [composed of
fragments of volcanic glass], and lithoclastic [made up of fragments of rocks] elements. The
groundmass is composed of volcanic ash, with inclusions of sharply angular fragments of plagioclase,
amphiboles, and rarely quartz. The volcanic glass includes fragments of tuffites, acidic and basic
extrusive rocks. The rock, along the microfractures, is slightly subjected to chloritization,
carbonatization, and silicification.

Plagioclase is colorless and gray and forms tabular and angular crystals. The composition of the
plagioclase corresponds to the andesine-labradorite series. Part of the crystals has been subjected to

saussuritization.

Ampbhibole is represented by hornblende with well defined pleochroism: on Ng - olive green and on
Np - light yellow green, and angle of extinction cNg = 22°. Birefringence is equal to 0.021.

Quartz is white and the grains are round and angular. It has an undulatory extinction and the angle of
refraction is higher than the angle of refraction of Canada balsam. Birefringence does not get above
0.009.

Apatite forms oblong acicular crystals.

Ore minerals are black and brown.

Rock fragments are represented by andesites and rarely by quartzites and siltstones.



Outcrop 4

Andesite Fragment
(within Tuff Breccia)

The texture is hyalopilitic. Phenocrysts total about 40% of the total mass. Porphyritic phenocrysts
are represented by plagioclase (20%), amphibole (8%), and biotite (3%). Accessory mineral is
apatite (1%). Ore mineral is magnetite (1.5%). Secondary minerals are chlorite (2%), epidote (1%),
and carbonate (4%).

Groundmass consists of microlites of plagioclase and grayish green volcanic glass. The angle of
refraction of the volcanic glass is higher than that of Canada balsam. Groundmass is slightly
carbonatized and chloritized, and relatively rarely epidotized.

Plagioclase forms tabular crystals, is colorless, and both twinned and zoned varieties are present.
Saussuritized crystals are gray. The mineral is weakly deformed, and as a result, some of the grains
are broken by microfractures, and silicification and carbonitization have occurred. The composition
of plagioclase varies within the limits of An 33-56, which corresponds to andesine-labradorite series.
In every measurement, the angle of refraction is higher than the angle of refraction of Canada balsam.

Amphibole is represented by green hornblende with typical pleochroism: on Ng - green and on Np -
yellowish green, cNg = 25°, Ng-Np = 0.24, Some of the amphibole grains, along their edges and
along the microfractures, are chloritized.

Biotite is dark brown with well defined pleochroism: on Ng - dark brown and on Np - pale yellow.
Extinction is straight and birefringence is high (0.050).

Apatite is represented as oblong prismatic microcrystals. Extinction is straight, relief is relatively
high, and birefringence is low (0.020).

Ore minerals are represented by magnetite and pyrite with typical square shape.



Outcrop 5

Rhyolitic Lava Breccia

The texture of the lava portion is fluidal. The rock consists of groundmass (60%), phenocrysts
(40%), and fragments of heterogeneous rock. The phenocrysts are composed of plagioclase (15%),
quartz (20%), apatite (0.5%), zircon (<0.5%), and ore minerals. Groundmass consists of microlites
and volcanic glass. Rock debris are represented by extrusive rocks of medium and acidic
composition. :

Groundmass is gray and in some places greenish. At high magnification, the microlite crystals and
shapeless grains of quartz can be observed. Part of the groundmass has been subjected to
carbonatization and silicification. In some places, the carbonates form rhombohedral crystals.
Fragments enveloped by lava are represented by plagioclase, quartz, and extrusive rocks of acidic
composition.

Plagioclase is colorless and gray, forming tabular prismatic twinned or zoned crystals. The
composition varies between An20-50, corresponding to andesine-labradorite. Everywhere the angle
of refraction is higher than the angle of refraction of Canada balsam. In some places, the plagioclase
crystals have inclusions of oblong microcrystals of apatite and inclusions of volcanic glass.

Quartz is white and colorless and forms grains that are round and angular. Extinction is undulatory,
birefringence is not high (0.008).

Apatite forms oblong microcrystals both within the groundmass and as inclusion sin the grains of
quartz and plagioclase.

Zircon is colorless and microcrystalline. Relief'is variable. Birefringence is high (0.055).

Ore minerals form round and shapeless grains and their color is black and brownish black.



Outcrop 6/1
Rhyodacitic Volcanic Breccia

The texture is crystalloclastic [composed of mineral fragments] with phenocrysts. Groundmass
makes up 70%, phenocrysts make up 20% of the rock and are represented by plagioclase (10%),
quartz (7%), homblende (1%), and biotite (2%). Accessory minerals are apatite (0.5%) and zircon
(trace microcrystals). Secondary minerals (5%) are chlorite, chlorite-biotite, carbonate, zeolite, and
ore minerals. Rock fragments in the groundmass make up about 10% and are represented by dacites,
tuff sandstones, and extensively altered extrusive rocks.

Groundmass is greenish gray and yellowish gray, with inclusions of microlites of feldspar, extrusive
rock fragments, plagioclase, quartz, and tuff sandstones. The groundmass is partially chloritized and
carbonatized.

Plagioclase is colorless and white, and the altered varieties are gray. The crystal forms are tabular,
prismatic, or angular with twins. The composition of plagioclase varies from oligoclase to labradorite
(An 25-56). Zoned plagioclases are also present, and the centers of these are more basic in
composition (An 50-56).

Quartz is colorless and transparent, with the grains having irregular forms. Extinction is undulatory
and birefringence is the typical 0.009. The angle of refraction is higher than the angle of refraction of
Canada balsam.

Homblende forms short columnar crystals and is green with well defined pleochroism: on Ng - green
on Np - light green, Ng-Np = 0.018, cNg = 17°.

Biotite forms fine flakes with perfect cleavage. It is dark brown with well defined pleochroism; on
Ng - dark brown, on Np - gray yellow. Extinction is straight and birefringence is equal to 0.048.
The dominant part of the biotite is developed over the groundmass, often synchronously with
chlorite. Some of the biotite grains are opacitized, becoming brown in color as a result.

Chlorite is pale green and green and forms flakes and radiate fibrous aggregates and cleavage is
perfect. The green variety of chlorite shows well defined pleochroism from green to light yellow.
Birefringence varies within the broad limits of 0.006 to 0.015. The groundmass is substituted mainly
by chlorite and relatively rarely by biotite and plagioclase.

Carbonate is colorless and gray, and is slightly developed along the microfractures in the groundmass.

Zeolite occurs as rare, colorless areas of fibrous texture. The angle of refraction is higher than that of
Canada balsam.

Apatite is colorless and forms oblong acicular crystals. The angle of extinction is 90°, birefringence is
low (0.003), and the angle of refraction is high - higher than that of plagioclase and quartz.

Zircon is colorless and forms short columnar rounded crystals. It is distinguished by a high
birefringence (0.055).



Outcrop 6/2

Porphyritic Rhyodacite

The texture is felsitic with phenocrysts. Phenocrysts make up 60% of the thin section and are
represented by plagioclase (60%), quartz (20%), hornblende (10%), and biotite (10%). Accessory
minerals are apatite and zircon. Secondary minerals are chlorite, potash feldspar, and quartz. Ore
minerals are also present.

Groundmass is yellow gray and greenish gray, and in some places reddish brown with microlites of
feldspar. The volcanic glass is partially deformed, and as a result, part of the glass is transformed into
cryptocrystalline felsitic aggregates which consist of microcrystals of feldspar and quartz.

Plagioclase is white and colorless. It forms tabular crystals and is rarely zoned. The center of the
zoned plagioclases have a basic composition (An 50-55 = labradorite) and the edges of the zoned
plagioclases are more acidic in composition (An 25-35 = oligoclase). Crystals of plagioclase have
inclusions of volcanic glass and acicular microcrystals of apatite and zircon.

Quartz is colorless and transparent and forms round and shapeless grains. Birefringence is equal to
0.009 and extinction is undulatory. The refractive index is higher than the refractive indices of
volcanic glass and Canada balsam. In addition to primary quartz, there is a small amount of
secondary quartz, which developed along the microfractures and along the edges of the plagioclase
crystals, sometimes synchronously with potash feldspar.

Hornblende forms short prismatic crystals and rarely basal sections of hexagonal shape with an angle
of 124°. Without the analyzer, the hornblende is green with well defined pleochroism: on Ng - olive
green and on Np - pale yellow green, Ng-Np = 0.025, cNg = 18°. In some places, hornblende is
slightly opacitized and corroded along its edges.

Biotite is dark brown with well defined pleochroism: on Ng - dark brown, on Np - pale yellow, Ng-
Np = 0.060. Extinction is straight. A small part of the biotite is reddish brown and together with the
chiorite is developed over the groundmass.

Chlorite is pale green and bluish green with typical pleochroism: on Ng - green, on Np - light yellow.
Chlorite is developed over the groundmass, partially encroaching the grains of plagioclase, biotite,
and hornblende.

Apatite is colorless and forms oblong, acicular monocrystals located inside of grains of plagioclase
and quartz, and more rarely in the groundmass.

Zircon is colorless and its relief is high. Birefringence is equal to 0.055. It forms fine round
microcrystals inside of grains of plagioclase and quartz.

Ore minerals are black and brownish black and opaque.



Outcrop 10

Dacitic Volcanic Breccia

The texture is lithoclastic [composed of rock fragments], partially felsitic. The rock consists of
groundmass, porphyritic phenocrysts, and fragments of different minerals and extrusive rocks.
Phenocrysts make up 30% of the thin section and are represented by plagioclase (15%), quartz
(10%), biotite (4%), accessory apatite (1%), and ore minerals (1.5%). There are also traces of
secondary minerals chlorite, carbonate, albite, and quartz.

Plagioclase is colorless and forms idiomorphic, tabular twinned crystals. The composition of the
plagioclase corresponds to the composition of andesine-labradorite series (An 30-55). A majority of
the plagioclase crystals are deformed and fractured. Along the microfractures and along the edges of
the grains, the plagioclase is subjected to carbonatization and silicification and rarely albitization.

Quartz is colorless and forms spheroidal and irregularly shaped grains. In some places, the grains are
deformed and have microfractures. Birefringence is low (0.009). In addition to the primary quartz,
there is a small amount of secondary quartz in the rock, which has developed over the groundmass
and plagioclase.

Biotite is platy and dark brown with well defined pleochroism; on Ng - dark brown, on Np - pale
yellow. Extinction is straight and birefringence is high (0.055). A small part of the biotite has a
reddish brown and brown color with poorly defined pleochroism.

Apatite is gray and grayish brown and forms oblong acicular microcrystals, and rarely hexagonal
shapes in cross section. Acicular microcrystals are found between the grains of plagioclase and
quartz and hexagonal crystals in the groundmass.

Albite is colorless and developed over the edges of the plagioclase grains and along the
microfractures within the plagioclase. It forms fine flexuous shoe strings and lines. Birefringence is
equal to 0.011. The refractive index is lower than the refractive indices of quartz and Canada balsam,
but is higher than that of volcanic glass.

Chlorite is bluish green and dirty green. The bluish green variety is developed over andesite
fragments and the dirty green variety is developed over the groundmass and over the porphyritic
phenocrysts of plagioclase. Birefringence is low (0.008).

Epidote is pale green and developed over the groundmass synchronously with chlorite. Birefringence
is high (0.051) with characteristic anomalous interference color.

Carbonate is colorless and is developed over the groundmass and along microfractures of plagioclase.
It forms granular masses and relatively rarely it forms well formed crystals with the characteristic
phenomenon of pseudo-absorption. Birefringence is high (0.17) with pearly interference color.



Outcrop 11/1

Carbonaceous Polymictic Sandstone

The texture is coarse grained. This sandstone has a carbonate cement (15%). The rock consists of
carbonaceous material (8%), slightly rounded fragments of extrusive rocks (30%), and quartz (15%),
plagioclase (30%), biotite (1.5%), and apatite (<1%). The rock as a whole is deformed and subjected
to carbonatization and, to a lesser extent, to silicification.

Carbonaceous material is black and brownish black and opaque. In some places, along the edges of
the coaly material, it is semi-transparent. It has an irregular form and the size ranges from 0.2 by 0.3
mm to 0.7 to 0.5 mm,

Extrusive rock debris are represented by andesites with phenocrysts of basic plagioclase with typical
twinning. The groundmass of the rock debris consists of altered brown volcanic material and of fine
laths of feldspar. The size of the debris ranges from 0.5 by 0.8 mm to 0.9 by 1.6 mm. Mineral debris
are represented by plagioclase, quartz, biotite, and apatite.

Plagioclase is colorless and slightly rounded. Both twinned and zoned plagioclases are present. The
refractive index of the plagioclase, everywhere, is higher than the refractive indices of Canada balsam
and quartz. The size of the plagioclase varies from 0.2 by 0.6 mm to 0.7 by 1.5 mm.

Quartz is colorless, microfractured, angular, and rarely spheroidal. Some quartz grains have typical
undulatory extinction and the birefringence is equal to 0.009. Index of refraction is higher than the
index of refraction of Canada balsam. The grain size varies from 0.3 by 0.7 mm to 0.8 by 1.2 mm.

Biotite forms fine flakes. It is dark brown with well developed pleochroism: on Ng - dark brown, on
Np - pale yellow. It has straight extinction and the birefringence is high (0.56). The size of the
biotite flakes reach 0.2 by 0.8 mm.

Apatite is colorless and is found as acicular crystals located inside of quartz and plagioclase grains.
In addition, it is present in the cement as fine short columnar crystals.

Carbonate is gray and colorless and composes the cement. Carbonate is observed as granular masses
and well formed crystals with typical pearl coloring. Birefringence is high (0.17). Carbonates are
interpreted to have formed from secondary hydrothermal metasomatisms.



Outcrop 11/2

Carbonaceous Polymictic Sandstone

The texture is coarse grained. This sandstone has a carbonate cement and is partially pyroclastic.
The rock consists of carbonaceous material (9%), extrusive rock debris (38%), quartzite (5%),
plagioclase (20%), quartz (15%), chalcedony (1.5%), biotite (1.5%), and ore minerals (1%). The
cement makes about 10% of the thin section surface. The rock is intensively carbonatized and
relatively less silicified. Most of the rock and mineral debris are slightly oblong and aligned and a few
are rounded.

Carbonaceous material is black, opaque, and shapeless. The size of the particles range from 0.2 by
0.5 mm to 0.6 by 0.9 mm.

Extrusive rock debris are gray and brownish gray with a greenish tinge. Phenocrysts of basic twinned
plagioclases are abundant and their composition corresponds to andesine (An 35-45), The volcanic
glass groundmass is greenish gray with plagioclase laths. The size of the debris range from 0.2 by
0.44 mm to 0.5 by 1 mm.

Quartzite is gray, angular, and cryptocrystalline with rare porphyritic insets of plagioclase. The sizes
of the crystals range up to 0.3 by 0.8 mm.

Plagioclase is colorless, angular, and rarely spheroidal. The plagioclase includes acicular apatite and
microcrystals of zircon. Part of the plagioclase along the microfractures in the plagioclase and along
the edges of the grains is subjected to carbonatization and rarely to snhcxﬁcatxon The size of the
grains range from 0.2 by 0.4 mm to 0.6 by 1 mm.

Quartz is colorless forming angular and rounded grains that are slightly aligned. The quartz grains
contain acicular crystals of apatite and rutile. Birefringence is equal to 0.009. Extinction varies from
sharp to undulatory. In addition to the quartz debris, there are fine grained masses of secondary
quartz, which are developed along the microfractures of the rock.

Chalcedony is present with typically zoned spheroidal texture. The refractive index is lower than
quartz and close to the index of Canada balsam.

Biotite forms fine plates which are deformed. The color is dark brown with well defined
pleochroism: on Ng - dark brown, on Np - pale yellow. In some places, dirty green chlorite has
developed over the biotite.

Apatite is colorless and gray and forms acicular and short columnar microcrystals. The relief is high.

Carbonate is colorless and is present in two varieties - crystalline calcite and gray granular masses.
Carbonate is interpreted to be the result of secondary hydrothermal metasomatism.



Outcrop 11/3
Coal
Coal is thinly laminated, brown and black, and opaque. The thin laminations result from the

interstratification of brown and black coal. The black laminations are bordered by fine streaks of
quartz. Orange spores, with sizes ranging from 0.2 by 0.3 mm to 0.3 by 0.5 mm, are present.
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Outcrop 11/4

Coal
Coal is brown, thinly laminated, and silicified along the microlamination planes. The horizontal
microlaminations, in some places, are intersected by transverse microfissures, along which the coal is

carbonatized and rarely silicified. Shapeless semi-transparent orange spores are present within the
coal.
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Outcrop 11/5
Coal
Coal is black and opaque. Intensive silicification and rare carbonatization occur along the horizontal

microlaminations. Secondary hydrothermal metasomatic changes occur on more than 20% of the
thin section.
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Outcrop 12/1

Rhyodacite

The texture is vitroclastic [composed of volcanic glass fragments] and partially felsitic. The sample
consists of groundmass (60%), potash feldspar (20%), plagioclase (10%), quartz (8%), chalcedony
(1%), ore minerals (1%), and sphene. Debris of minerals are slightly aligned. The rock is slightly
carbonatized.

Groundmass is gray and greenish gray and consists of volcanic glass which has been partially
devitrified with the formation of cryptocrystalline material, which consists of quartz and feldspar. In
addition, most of the groundmass is chloritized and rarely carbonatized.

Potash feldspar is colorless, but as a result of weathering, it acquires a grayish brown and brown
color. It has tabular and irregular angular shapes. Refractive index, everywhere, is higher than the
refractive index of Canada balsam. The feldspar grains contain inclusions of volcanic glass and ore
minerals.

Plagioclase is colorless and forms tabular, twinned crystals. Occasionally, zoned crystals are present.
Much of the plagioclase is subjected to saussuritization and, as a result, zoisite and albite are formed
over the plagioclase.

Quartz is colorless, and in comparison to the feldspar is less altered. Quartz appears as rounded and
angular forms. Quartz in the groundmass has a cryptocrystalline granular texture.

Chalcedony is gray and brownish gray and forms radiate fibrous grains. Refractive index is higher
than the refractive index of Canada balsam, but lower than that of quartz. The chalcedony contains
microinclusions of apatite.

Sphene is pale green and shows weak pleochroism. The crystals are rectangular in shape.

Chlorite is pale and dirty green. Chlorite is developed both in the groundmass and over feldspars. It
has a weak pleochroism: on Ng - pale green, on Np - pale yellow green, Ng-Np = 0.014.

Carbonate is gray, found as microgranular masses, and is developed in the groundmass of the rock.

Ore minerals are black and opaque.
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Qutcrop 12/2
Dacitic Tuff

The texture is crystalloclastic [made up of mineral fragments] and partially lithoclastic [composed of
rock fragments] or crystallolithoclastic [composed of both mineral fragments and rock fragments].
Mineral debris is more abundant than rock debris in this rock. The sample consists of groundmass
(50%), rock debris (10%), plagioclase (20%), quartz (7%), hornblende (3%), biotite (2%), accessory
minerals (1.5%) of apatite and rutile, ore minerals (2%) of magnetite and pyrite, and secondary
minerals of chlorite (3%) and zeolite (0.5%).

Groundmass is greenish gray and gray. It consists of volcanic glass and partially of volcanic ash.

The groundmass has been subjected to devitrification-crystallization and, as a result, the majority of
the volcanic glass has been transformed into holocrystalline masses with relict volcanic glass. The
crystallized masses, under increased magnification in translucent light, show the masses have fine
microcrystals of crystalline silica (- cristobalite) and chlorite. In some places, the masses have formed
aggregates with radiate fibrous texture. The relicts of volcanic glass have different sizes and forms,
including crescent and curved forms, as well as others.

Rock debris have irregular forms and are composed of andesite and spilite. These rock debris have
intensively altered groundmasses with laths and microlites of plagioclase.

Plagioclase is gray and forms tabular, angular grains of irregular shapes with typical twinning. The
composition of the plagioclase ranges from An 30-45 [equating to andesine-labradorite]. The
refractive index of all plagioclase is higher than the refractive indices of Canada balsam and volcanic

glass. A

Quartz is gray and transparent. It forms grains of various shapes, including angular, wedge-shaped,
and spheroidal. Extinction is undulatory, birefringence is equal to 0.009, and the refractive index is
higher than the refractive index of Canada balsam.

Hornblende is brown and forms prismatic 4- and 6-cornered crystals with typical angles of 56° and
124°. It has well defined pleochroism; on Ng - greenish brown, on Np - greenish yellow, ¢Ng = 22°,
Ng-Np = 0.023. Hornblende crystals contain inclusions of apatite and sphene and rarely zircon.

Biotite is dark brown and has well defined pleochroism: on Ng - dark brown, on Np - pale yellow.
Extinction is straight and double refraction is high (0.055). A small portion of the biotite is
developed over hornblende.

Apatite is gray and forms oblong acicular microcrystals and short columnar crystals. It has straight
extinction, birefringence is low (0.003), and the refractive index is higher than the refractive indices
of quartz and plagioclase.

Ore minerals are black and opaque. They are found as skeleton shaped (framework) grains of
magnetite and square particles of pyrite.

Chlorite is green and dirty green and is developed mainly over the groundmass.
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Outcrop 12/A
(in the vicinity of borehole12)

Epidotized Carbonatized Basalt

The texture is porphyritic, consisting of groundmass (60%) and phenocrysts of plagioclase (20%),
monoclinic pyroxene (clinopyroxene) (6%), ore minerals (4%), epidote (5%), apatite (<0.5%),
carbonate (2%), quartz (1%), and iddingsite (1.5%). As a whole, the rock is brecciated and is
subjected to the following secondary alteration: epidotization, carbonatization, and slight
silicification. )

Groundmass is grayish green, consisting of carbonatized, silicified volcanic glass, microlites, and ore
fines.

Plagioclase is colorless, fractured, with typical twinned and zoned grains. The composition of the
plagioclase is labradorite (An 56-65). Part of the plagioclase grains are substituted by carbonate and
epidote.

Monoclinic pyroxene forms prismatic crystals and shows pleochroism: on Ng - pale green, on Np -
colorless. Birefringence is equal to 0.029, cNg = 46°. According to its optical constants, it
corresponds to augite. Part of the pyroxene crystals along the microfractures are substituted by
epidote and carbonate.

Ore minerals are black and opaque.

Apatite is colorless, forming acicular crystals and hexagonal crystals in cross section. Birefringence is
low (0.003) and relief is high.

Iddingsite is red brown with a golden tint. Relief and birefringence are high (0.072). Grains are
rounded, apparently substituting the olivine crystals.

Epidote is yellowish pale green with typical motley interference color.

Carbonate is colorless and forms rhombohedral crystals and granular masses. Birefringence is high
(0.017).

Quartz is colorless and developed along the microfractures. Birefringence is equal to 0.009.
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Outcrop 13
Doleritic Basalt

The texture is doleritic and holocrystalline. The rock consists of plagioclase (70%), monoclinic
pyroxene (clinopyroxene) (20%), ore minerals (3%), apatite (<1%), and secondary iddingsite (6%).

Plagioclase is colorless and transparent, forming oblong prismatic crystals and seldom short prismatic
crystals. Crystals of plagioclase contain inclusions of ore minerals and pyroxenes. The An
plagioclase composition varies within the limits of numbers 52-63, which corresponds to labradorite.

Monoclinic pyroxene is green, forming shapeless, prismatic crystals, sometimes closely grouped
between oblong crystals crossing one another. They have poor pleochroism: on Np - blue green, on
Ng - gray green, cNg = 42°, and birefringence is equal to 0.029. According to its optical
characteristics, the pyroxene corresponds to augite.

Ore minerals are black, forming grains of different shapes and sizes. Sometimes they are included in
the monoclinic pyroxene grains as acicular and skeleton shaped forms.

Apatite is colorless with high relief. It forms oblong acicular crystals, often occurring as inclusions
within plagioclase crystals.

Iddingsite is red brown and in some places yellowish brown. It forms shapeless and rounded grains
with rare relicts of olivine.
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Outcrop 14

Tuff Breccia
The texture is vitrolithoclastic [made up of volcanic glass and rock fragments]. It consists of
groundmass (58%), rock debris (10%), and the following minerals: plagioclase (15%), quartz (13%),
flakes/plates of biotite (3%), and apatite (1%).

The groundmass is grayish green and grayish dirty green. It consists of intensively chloritized
volcanic glass, microlites of plagioclase, and argillo-siliceous-chloritic aggregates.

Rock debris are represented by andesite and andesite-basalt which are intensively ferruginized and
brown in color. The contain slightly oblong laths and microlites of plagioclase. Colored minerals are
completely substituted by chlorite, epidote, and ore minerals.

Plagioclase is colorless and forms shapeless, angular crystals. Both zoned and twinned varieties are
present. The composition of the plagioclase varies within the limits of An 33-55, which corresponds
to andesine-labradorite.

Quartz is colorless, fractured, and in some places has undulatory extinction. Birefringence is equal to
0.009 and the angle of refraction is greater than that of Canada balsam.

Biotite forms shapeless plates and is dark brown with well defined pleochroism: on Ng - gray yellow,
on Np - dark brown. Birefringence is high at 0.056.

Apatite is colorless and exhibits acicular crystals and hexahedrons. Birefringence is low at 0.003.

Ore minerals are black and shapeless. They are located in the groundmass and are developed along
the fractures synchronously with quartz and chlorite.
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Outcrop 15/1

Silicified Carbonaceous Siltstone

Macroscopically, this sample is black and has a hardness of about 5.0 on Mohs scale. It has a shiny,
mirror-like luster and a banded texture. One of the bands is abundant in coaly material, which dirties
the hand when touched [probably fusinitic material], and has a hardness of about 1.5 - 2 on Mohs
scale, Microscopically, the sample consists of argillo-carbonaceous-siliceous brown material with
weak light transmittance. Quartz and amorphous and crystalline aggregates of silica are developed
along the microfractures. Brown masses become black along the quartz microfractures and cavities.
Spores are also present within this sample.
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Qutcrop 15/2

Broken and Crushed Tuff Breccia
This rock consists of groundmass (60%), rock debris (20%) of andesite, andesite-basalt, chlorite-
siliceous rock, and the following minerals: plagioclase (10%), quartz (5%), amphibole (3%), biotite
and chlorite-biotite mixture (2%), ore minerals (5%), and apatite (<1%).
Groundmass is greenish gray and dirty green, consisting of intensively silicified, chloritized volcanic
glass, relicts of volcanic glass, and microlites with ore mineral fines. Everywhere within the
groundmass the angle of refraction is higher than the angle of refraction of Canada balsam.

Rock and mineral debris are angular and occasionally rounded, with sizes up to 0.9 by 1.3 mm.

Andesite and andesite-basalt are brownish gray and dark gray, consisting of laths and
microlites of plagioclases. They are intensively ferruginized and chloritized.

Chlorite-siliceous rock consists of fine grained aggregates which are a mixture of fibrous
chlorite and granular silica.

Plagioclase is colorless, in some places fractured, with wide strips of twinning. The composition
varies within the limits of An 35-60, which corresponds to andesine and labradorite.

Quartz is colorless, fractured, and contains inclusions of volcanic glass. Birefringence is equal to
0.009.

Amphibole is green and prismatic with well defined pleochroism: on Ng - blue green, on Np - light
yellow, cNg = 0.026°. In some places the amphibole is biotized and chloritized.

Biotite is represented by shapeless plates. It is dark brown with well defined pleochroism and high
birefringence (0.056).

Chlorite-biotite masses are dirty, brownish green and developed over the amphibole.

Ore minerals are black and shapeless. They are observed both in the groundmass and along the
microfractures.

Apatite forms fine acicular crystals in the groundmass. Rarely, the apatite is observed as inclusions
which occur between grains of plagioclase and quartz.
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Outcrop 16/1

Unidentifiable Rock Sample

The rock is broken and crushed. It is impossible to determine the mineralogical composition, texture,
etc. There are debris of plagioclase, quartz, and ore minerals in single pieces of the rock.
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Outcrop 16/2

Tuff Sandstone
The texture is coarse grained. The sample consists of cement (64%), rock debris (15%) including
andesite and siliceous rock, and the following minerals: plagioclase (8%), quartz (5%), biotite (2%),
ore minerals (3%), chlorite (3%), and epidote (1%). ‘

The cement is gray to greenish gray and consists of altered volcanic ash and a siliceous-chloritic
cryptocrystalline aggregate.

Rock debris are found and angular, up to 0.5 by 2 mm in size.

Andesites are brown to dark brown and intensively altered. They consist of laths and
microlites of plagioclase, chlorite-epidote aggregates, and ore material.

Siliceous rock is gray, consisting of fine grained silica aggregates, and occasionally of
plagioclase crystals and chloritic masses.

Plagioclase is colorless, twinned, and in some places fractured.
Quartz is colorless, with undulatory extinction, and birefringence equal to 0.009.

Biotite is dark brown, platy, and in some places deformed. Pleochroism is well defined: on Np - gray
yellow, on Ng - dark brown, Ng-Np = 0.055.

Epidote is greenish yellow with characteristic multicolored interference colors and birefringence is
equal to 0.049.

Ore minerals are black, forming shapeless grains. Occasional square grains are observed, probably
representing pyrite.
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Outcrop 17/1

Tuff Sandstone
The texture is coarse grained. The sample consists of groundmass (60%), rock debris (10%),
plagioclase (15%), quartz (11%), ore minerals (3%), and apatite (<1%). The rock is slightly
chloritized and carbonatized.
The groundmass consists of volcanic glass and ash and of siliceous-chloritic aggregates. In general,
the volcanic glass is crystallized and forms the mixture of silica and chlorite with relict volcanic glass.
Rock debris and minerals are both rounded and angular, but in general, the rock debris is more

rounded than the minerals.

Plagioclase is colorless. Both zoned and twinned varieties are present, and in some instances, are
subjected to carbonatization.

Quartz is colorless, fractured, and in some places exhibits typical undulatory extinction.
Birefringence is equal to 0.009.

Ore minerals are black, rounded, and shapeless.

Apatite is colorless with high relief, forming oblong microcrystals and hexagons in cross section.
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Borehole 4¢/1
Interval 24.5 m

Tuffaceous Sandstone

The texture is fine grained. The sample consists of groundmass (60%), phenocrysts of feldspar debris
(15%), quartz (18%), biotite (1%), chlorite (2%), apatite (0.5%), ore minerals (1%), and carbonate
(2.5%).

Groundmass is gray, brownish gray and brown, and consists of volcanic glass and ash. The majority
of the groundmass, as a result of crystallization, has been transformed into a chloritic,
cryptocrystalline quartz aggregate. The groundmass has been subjected to chloritization and
carbonatization.

Feldspar is represented as very fine laths and by microlites of plagioclase. Only under large
magnification was it possible to determine that their refractive indices are higher than the refractive
index of Canada balsam. Rare twinned crystals are also present.

Quartz is colorless and forms both round and angular shapes. Birefringence is equal to 0.009 and the
refractive index is higher than the refractive indices of Canada balsam and volcanic glass.

Biotite forms dark brown, fine, thin flakes with typical pleochroism: on Ng - dark brown, on Np -
pale green. Birefringence is high (0.055). Sometimes the biotite is mixed with flakes of chlorite.

Chilorite is green, dirty green, and gray. It forms fibrous and granular aggregates, and rarely as very
fine plates. Chlorite is found over the groundmass. The green variety exhibits poor pleochroism: on
Ng - greenish blue, on Np - pale green. Birefringence is relatively high (0.016).

Apatite forms acicular microcrystals and hexagonal shapes in transversal section. Birefringence is
low (0.003).

Ore minerals are black and opaque. They form spheroidal and irregularly shaped grains. Content of
ore minerals is high, and in some places they are concentrated, making up to 7% in the field of view.

Carbonate is gray, developed over the groundmass and along the microfractures. Birefringence is
relatively high (0.17).
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Borehole 4¢/2
Interval 25.6 m

Polymictic Tuff Sandstone

The texture is coarse grained. The groundmass is a mixture of fine grained quartz aggregate and
volcanic ash. The rock contains the debris of andesite, spilite, serpentinite, quartzite, and the
following mineral debris: quartz, feldspar, chlorite, apatite, and ore minerals. The rock is slightly
chloritized. The size of the debris varies from 0.4 by 0.7 mm to 1.5 by 2 mm. The names of rock
debris were determined under increased magnification, according to their specific characteristics.

Andesite is greenish gray with brown and dark brown parts. It consists of microlites of plagioclase,
fine phenocrysts of ore minerals, and chloritized volcanic glass. The texture is pilotaxitic.

Spilite is grayish green with typical spilitic texture, consisting of oblong laths of albite and chloritized
volcanic glass.

Quartzite is gray and colorless with a pale green tinge. It consists of fine grained cryptocrystalline
quartz aggregates with rare phenocrysts of tabular feldspar crystals.

Serpentinite is grayish green and pale green with a loop like or fibrous texture. Birefringence is low
(0.005).

Quartz is colorless and comes in various forms, including rounded and angular. Extinction is
typically undulatory and the refractive index is higher than the refractive indices of Canada balsam
and potash feldspar.

Potash feldspar is colorless with a brownish tinge. It forms tabular and angular grains. Birefringence
is low (0.006) and the refractive index is lower than those of quartz and Canada balsam. Present are
perthitic varieties of feldspar, where fine strings of albite have formed.

Chlorite is pale green and bluish green and is developed over the groundmass and over the extrusive
rock debris.

Apatite is colorless, has short columnar crystals, high relief, and low birefringence (0.003).
Ore minerals are black and shapeless and make up less than 1% or the rock.
Zeolite is colorless and gray with a pinkish tinge with a radiating fibrous texture. Birefringence is

equal to 0.013 and the refractive index is lower than the indices of Canada balsam and quartz.
Zeolite is present in only about 1% of the rock.
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Borehole 4¢/3
Interval 30.5 m

Tuff Conglomerate

The groundmass makes up 50% of the thin section surface and is carbonatized and zeolitized. It
consists of sedimentary material, volcanic glass, and ash. Volcanic glass is partially crystallized.
Rock debris (10%) are represented by andesite and quartzite. Mineral debris are represented by
plagioclase (14%), quartz (12%), hornblende (5%), pyroxene (1%), biotite (2%), epidote (0.5%),
apatite (0.5%), and ore minerals (0.5%).

Rock debris:

Size of the debris varies from 0.5 by 0.9 to 3 by 5 mm. Andesite is observed relatively
frequently and quartzite relatively seldom.

Andesite is grayish green and brown and consists of chloritized epidotized groundmass with
phenocrysts of basic plagioclases. Debris clasts are frequently well rounded.

Quartzite is gray with a pale green tinge, with rare phenocrysts of plagioclase. The clasts are
slightly rounded and angular.

Plagioclase is colorless, slightly rounded, and occasionally angular. Both twinned and zoned
plagioclase is present. Refractive index of the plagioclase is higher than that of Canada balsam.

Quartz is colorless and in some places transparent. Rounded, angular, and shapeless grains are
observed. Grains have undulatory extinction. Refractive index is higher than the refractive index of
Canada balsam. Birefringence is equal to 0.009.

Hormnblende is tabular and laminar and hexagonal in cross section. It is green in color and has well
defined pleochroism: on Ng - brownish green, on Np = yellow green, cNg = 22°. Birefringence is
equal to 0.026.

Monoclinic pyroxene (clinopyroxene) forms prismatic crystals, is colorless, and pleochroism is: Ng -
Np =0.031 and cNg = 38°. In some places, hornblende is developed over the pyroxene.

Biotite forms tabular, partially deformed plates. Its color is dark brown with well defined
pleochroism: on Ng - dark brown, on Np - pale yellow. Birefringence is high (0.056).

Apatite is colorless with typical high relief. It forms acicular, oblong, and short columnar crystals,
and occasionally hexagonal shapes in transversal section. Birefringence is low (0.003).

Zeolite is colorless and gray with a pink tinge. It forms fibrous and radiate fibrous aggregates.

Refractive index is lower than the refractive indices of Canada balsam and volcanic glass.
Birefringence varies from 0.007 to 0.015.
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Epidote is yellowish green and the birefringence is high (0.045). Epidote is developed over the
andesite debris.

Ore minerals are black and opaque and form irregularly shaped grains.
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Borehole 4¢/4
Interval 35.5 m

Polymictic Tuff Sandstone

The texture is coarse grained. The sample consists of groundmass (50%), rock debris (12%)
consisting of gabbro, andesite, spilite, and mineral debris consisting of plagioclase (10%), quartz
(8%), olivine(2%), pyroxene (4%), hornblende (3%), biotite (2%), apatite (0.5%), ore minerals
(1.5%), carbonate (3%), chlorite (2%), and zeolite (1%).

Groundmass consists of siliceous-argillaceous material and volcanic glass and ash. Volcanic glass in
some places has fluidal texture and is crystallized into crystals of different shapes. As a whole, the
cementing mass is slightly carbonatized, chloritized, and relatively less zeolitized. Rock debris are
well rounded and range in size from 0.3 by 0.5 mm to 1.7 by 2 mm.

Rock debris:
Gabbro is gray and consists of basic plagioclase, pyroxene, and ore minerals.

Andesite is dark green and grayish brown, consisting of intensively chloritized volcanic glass,
microlites of plagioclase, ore minerals, and brown material.

Spilite is grayish green and consists of intensively chloritized volcanic glass, laths of albite,
and amygdules of chlorite and zeolite. The texture is spilitic. The mineral debris, in
comparison to the rock debris, are slightly rounded and angular.

Plagioclase is colorless and both zoned and twinned varieties are present. Series of plagioclase grains
are saussuritized and in some places there are inclusions of volcanic glass.

Quartz is colorless and transparent. In some places it is fractured and exhibits undulatory extinction.
The quartz often contains acicular microcrystals of apatite.

Olivine is colorless and relief is high. Extinction is straight and the birefringence is equal to 0.048.

Pyroxene is colorless and is of two varieties - rhombic and monoclinal. The monoclinal pyroxene
shows poor pleochroism: on Ng - colorless and on Np - pale pink.

Hormnblende is greenish brown with well defined pleochroism. It forms both tabular crystals and
hexahedral crystals in cross section.

Biotite is tabular, foliated, and partially deformed. It is dark brown with well defined pleochroism: on
Ng - dark brown and on Np - gray yellow. Birefringence is high (0.056).

Apatite is colorless and forms acicular oblong crystals. Birefringence is low (0.03).

Ore minerals are black and opaque and exhibit irregularly shaped grains.
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Borehole 4¢/5
Interval 65.3 m

Dacitic Tuff

The texture is vitrocrystalloclastic [composed of volcanic glass and mineral fragments]. The sample
consists of groundmass (80%), and debris of the following minerals: quartz (10%), plagioclase (6%),
hornblende (1.5%), biotite (1.5%), apatite (0.5%), and ore minerals.

Groundmass consists of volcanic glass and ash, and is subjected to devitrification with formation of
silica and chlorite. Relicts of volcanic glass forms different shapes. Refractive index of the volcanic
glass is lower than the refractive index of Canada balsam. Mineral debris, for the most part, have
sharply angular shapes and vary in size from 0.1 to 0.2 mm.

Quartz is colorless and transparent. In some places, it exhibits undulatory extinction. Refractive
index is higher than the refractive index of Canada balsam. Birefringence is equal to 0.009. The
quartz often contains inclusions of acicular crystals of apatite and volcanic glass.

Plagioclase is colorless, tabular, and lamellar. Plagioclase crystals, for the most part, are angular and
both twinned and zoned varieties are present. Refractive index is higher than the refractive indices of
Canada balsam and volcanic glass. The composition varies from andesine to labradorite (An of 30 -
55). The plagioclase contains inclusions of acicular apatite and volcanic glass. Some of the
plagioclase crystals are carbonatized and chloritized.

Biotite is platy with well defined pleochroism: on Ng - dark brown, on Np - pale yellow.

Hornblende is completely substituted by carbonate and chiorite.

Ore minerals are black and brownish black and form irregularly shaped grains.
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Borehole 4¢/6
Interval 72.9 m

Tectonic - Broken, Deformed Rock

This sample consists of black and brownish black material and contains masses of siliceous-chloritic
grains.
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Borehole 4¢/7
Interval 73.2 m

Quartz-Carbonate Rock with Coaly Layers

The texture is equigranular. The sample contains carbonate (85%), quartz (10%), and silicified
coaly/carbonaceous material (5%).

Carbonate is represented by two varieties - fine grained and medium grained. Fine grained carbonate
is gray and brownish gray with relicts of sandy material and ore minerals. Medium grained carbonate
is colorless and polycrystalline with a birefringence of 0.17.

Quartz is colorless and forms granular aggregates. In some places along the microfractures, the
quartz develops over the carbonate. Birefringence is equal to 0.009.

Coaly (carbonaceous) material is black and opaque. It forms shapeless, oblong, or curved (flexuous)
aggregates. Along the microfractures, coaly material is carbonatized and silicified.

Quartz-carbonate rock is interpreted to have formed as a result of hydrothermal metasomatic

conversion of primary carbonate sedimentary rock. Only relict structures of mineral and grain forms
are preserved after the primary rock.
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Borehole 4¢/8
Interval 74.9 m

Sandy Siltstone
The texture is silty-psammitic. The size of the debris range from 0.1 to 1 mm. The sample contains

argillo-siliceous-carbonate material (80%), quartz (10%), feldspar (5%), and extrusive rock
fragments (5%). Trace amounts of chlorite and ore minerals are present.

Argillo-siliceous-carbonate material is grayish brown and consists of weakly polarizing particles and
of carbonate-siliceous fine-grained aggregates.

Quartz is colorless and, although containing a variety of shapes, is usually rounded. Extinction is
undulatory.

Feldspar is colorless and form fine tabular crystals. Both twinned and nontwinned varieties are
present.

Extrusive rock fragments are grayish brown with microlites of plagioclase. The presence of the
microlites leads on to interpret these as extrusive rock fragments.

Chlorite is dirty green with poorly defined pleochroism. It fills fine cavities, forming granular and
fibrous and radiate-fibrous aggregates.
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Borehole 5a
Dacitic Tuff Breccia

The rock consists of groundmass (60%) and unsorted angular, poorly rounded detrital material,
which is represented by extrusive rocks (12%), quartzite (5%), plagioclase (14%), quartz (6%) and
biotite (3%). The rock, as a result of secondary processes, has been subjected to carbonatization and
chloritization.

Groundmass is composed up of quartz-chloritic aggregates, volcanic ash, and glass. The volcanic
material has been subjected to devitrification with the formation of siliceous-chloriti¢c granular
aggregates with preserved relict parts and whimsical shapes of volcanic glass and ash.

Rock debris are represented by extrusive rocks and quartzites. Groundmass of the extrusive rocks is
almost entirely oxidized. Only plagioclase microlites and phenocrysts are preserved. Quartzite is
gray and microgranular. It consists of fine grains of quartz and rare crystals of feldspars.

Plagioclase is colorless and is angular and poorly rounded. Both zoned and twinned grains of
plagioclase are observed. The predominant part of plagioclase grains are fractured. The
microfractures are albitized and carbonatized. In some places, the plagioclase grains are entirely
pseudomorphically substituted by carbonate.

Quartz is colorless, fractured, and has typical undulatory extinction. Birefringence is equal to 0.009.

Biotite is foliaceous, platy, with well defined pleochroism: on Ng - dark brown, on Np - gray yellow.
Birefringence is high (0.058) and extinction is wavy. Apparently the biotite is developed over the
groundmass.

Chlorite is represented by two varieties: brownish dirty green and bluish green. The bluish green
variety is developed over the groundmass and fills cavities. The dirty green chlorite is developed
both over the groundmass and along the microfractures of plagioclase and along the edges of biotite
plates. Chlorite forms the spherules, worm-like wires, and granular masses. Birefringence varies from
0.004 to 0.012. Pleochroism is poorly defined: on Ng - yellow green, on Np - blue green.

Carbonate is colorless and forms granular aggregates and laminated crystals. The granular
aggregates are developed both over the groundmass and along microfractures. Crystalline carbonates

are developed over plagioclase, in some places entirely pseudomorphically substituting them.
Carbonates are distinguished by pearly interference color and by pseudoabsorption. Birefringence is

high (0.17).
Apatite is colorless and distinguished by high relief. It forms acicular crystals and hexahedrons.

Ore minerals are black, opaque, and shapeless.
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Borehole 5b/1
Interval 51.4 m

Intensively Shattered Tuff Breccia

The sample consists of groundmass (70%), rock debris (6%), plagioclase (16%), quartz (5%), ore
minerals (2%), and apatite (1%).

Groundmass is black and brownish black aggregates, opaque, and only along the edges is it weakly
translucent, making it possible to determine the presence of crystalline volcanic glass.

Extrusive rock debris is brown, grayish brown, and often black, and intensively altered. Only the
presence of plagioclase microlites allows for the interpretation of extrusive rock debris.

Plagioclase is colorless and both zoned and twinned varieties are present. Inclusions of acicular
apatite are present in the plagioclase. Along the microfractures, in places, is carbonatized.
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Borehole 5b/2
Interval 61.7 m

Rhyolitic Tuff

The texture is vitrocrystalloclastic [made up of fragments of volcanic glass and minerals] and in some
places fluidal. The sample consists of groundmass (70%), rock debris (8%), plagioclase (12%),
quartz (10%), and traces of apatite, zircon, and ore minerals.

The groundmass is gray and brownish gray and consists of volcanic glass and ash. In some places,
the volcanic glass exhibits a fluidal texture. Volcanic glass is slightly crystallized, devitrified.
Volcanic glass debris have different shapes including crescent shaped and curved. Refractive index is
less than the refractive index of Canada balsam.

Rock debris have irregular forms, but all are basically angular, and range in size from 0.5 by 1.5 mm
to 4 by 5 mm. The boundaries of the rock debris and the groundmass are diffuse. Rock debris are
composed of acidic extrusive rocks and granophyres.

Plagioclase is colorless, tabular, and in some places angular. Both zoned and twinned varieties are
present. The plagioclase composition varies between An 18-50, indicating compositions of oligoclase
and andesine. In some places, the plagioclase contains inclusions of oblong, acicular microcrystals of
apatite and volcanic glass.

Quartz is colorless and transparent. Grains are rounded and angular. In places, extinction is
undulatory. Birefringence is equal to 0.009. The grains of quartz sometimes contain inclusions of

zircon and apatite.

Ore minerals are black, opaque, and shapeless.
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Borehole 5b/3
Interval 89.0

Dacitic Tuff Breccia

The sample consists of groundmass (65%), rock debris (10%), plagioclase (13%), and quartz (10%).
There are trace amounts of biotite, chlorite, apatite, and ore minerals.

Groundmass is gray and yellowish gray and consists of volcanic glass and ash. The predominant part
of the volcanic glass is devitrified with the formation of a mixture of silica and chlorite. Unaltered
volcanic glass is yellowish gray and isotropic and is crescent or skeleton/framework shaped.
Refractive index of the volcanic glass is less than that of Canada balsam.

Rock debris are brown and brownish black with microlites of plagioclase. The groundmass of the
rock debris is subjected to chloritization and carbonatization. A basic to medium extrusive rock
interpretation for the rock debris is based upon the abundance of plagioclase microlites and
chloritization of the groundmass.

Plagioclase is colorless, fractured, and in some places deformed, and twinned. The composition of
the plagioclase varies from andesine to labradorite (An 30-55). In some places, the plagioclase
contains apatite and volcanic glass insets.

Quartz is colorless and often has undulatory extinction. Birefringence is equal to 0.009.

Biotite is brown with well defined pleochroism and forms flexuous plages.

Ore minerals are black and opaque.
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Borehole 5b/4
Interval 1122 m

Tectonite (Broken, Shattered)

It is almost impossible to determine the primary composition of this rock. Tectonite consists of black
opaque material,, broken into separate pieces and particles. Rare flakes of a colorless mineral with a
high birefringence (0.042) are observed among the black material. Flakes of a light material are
interpreted as sericite.
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Borehole 8b/1
Interval 24.8 m

Carbonaceous Shale (Broken, Shattered)
This rock consists of coaly material (90%) and quartz-carbonate granular aggregates.
Coal 1s black and opaque. Along the edges it is slightly translucence.
Quartz and Carbonate form fine grained aggregates that can only be determined under large

magnification. Both quartz and carbonate are colorless. Birefringence of the quartz is equal to 0.009
and birefringence of the carbonate is 0.047.
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Borehole 8b/2
Interval 36.8 m

Coal

e—

The sample consists of coal (carbonaceous) material (85%), spores (5%), quartz (8%), and sandy
siltstone (5%).

Coal is dominantly dark brown, occasionally black, and microlaminated. The black microlayers
comprise no more than 10% of the total mass. Microscopic veins of quartz are developed along the

microlamination planes.

Quartz is colorless and forms small shapeless grains in the coaly material as well as veinlets along the
microfractures. Quartz is also contained in the sandy siltstone fragments.

Spores are observed as small orange, red, and yellowish orange anisotropic inclusions approximately
the size of 0.5 by 1.5 mm.
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Borehole 8b/3
Interval 56.0 m

Melonite (Tectonically Broken, Shattered)

The sample consists of black opaque material (40%), grayish brown semi-transparent chlorite-
quartzose fine grained aggregate (45%), and sericite (15%).

Sericite is colorless and observed as flakes. Birefringence is high (0.048).
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Borehole 9b/1
Interval 25.0 m

Intensively Silicified Coal
The sample consists of coaly material (70%), quartz (20%), and carbonate (10%).

Coal is black and opaque. It has been subjected to intensively silicification and relatively less to
carbonatization.

Quartz is colorless and developed along the microfractures and along the layers of the coal, forming
aggregates of different forms. Birefringence is equal to 0.009.

Carbonate is colorless or gray with a brownish tinge. Birefringence is high (0.17). The carbonate is

developed over the coaly material, along relatively large microfractures, and sometimes jointly with
quartz.
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Borehole 9b/2
Interval 25.5m

Carbonaceous Siltstone

The texture is vitrocrystalloclastic [composed of fragments of volcanic glass and minerals]. The rock
consists of groundmass (60%), rock debris (8%), plagioclase (12%), quartz (10%), hornblende (4%),
biotite (2%), chlorite (1.5%), carbonate (1.5%), and ore minerals (0.5%). The rock is slightly
chloritized and carbonatized.

Groundmass consists of volcanic glass and ash. The volcanic glass is gray and greenish gray, and in
some places brownish gray. The dominant part of the volcanic glass is devitrified with the formation
of chloritic-siliceous fine grained aggregates. Relicts of volcanic glass form differently curved shapes.
Refraction index of the volcanic glass is less than refractive index of Canada balsam. Rock debris and
minerals have different shapes - both angular and rounded. The sizes are quite variable. Rock debris
consist of gabbro-diabases, andesite, and siliceous rock.

Gabbro-diabase is characterized by a diabasic texture and consists of plagioclase and
intensively altered hornblende.

Andesite consists of microlites and laths of plagioclase and chloritized groundmass.

Siliceous rock consists of fine grained aggregates of quartz and rare inclusions of feldspar.
Plagioclase is colorless and forms tabular, prismatic crystals. Both twinned and zoned grains are
present. Some of the plagioclase crystals are intensively deformed and fractured. Their composition

varies from oligoclase to labradorite (An 25-55). Refractive index is higher than that of Canada
balsam.

Quartz is colorless and transparent, rarely with undulatory extinction. It contains inclusions of
volcanic glass and acicular microcrystals of apatite. Birefringence is equal to 0.009.

Hornblende forms prismatic crystals and hexahedrals on transversal section. Well defined
pleochroism is typical: on Ng - brown green, on Np - light yellow green, cNg = 22°. Birefringence is
equal to 0.018.

Biotite forms fine plates, some of which are partially deformed. Strong pleochroism is typical: on Ng
- dark brown, on Np - pale yellow. Birefringence is high (0.052).

Chlorite forms wavy aggregates and granular masses. Its color is pale green and green. Weak
pleochroism is evidenced: on Ng - yellow green, on Np - blue green. Birefringence varies from 0.006
to 0.0014. In some places, chlorite forms a mixture with biotite.

Carbonate is colorless and is developed on the groundmass. Birefringence is high (0.17).

Ore minerals are black and opaque and form grains of irregular shape.
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Borehole 9b/3
Interval 53.6 m

Dacitic Tuff Breccia

The texture is vitrocrystalloclastic [composed of fragments of volcanic glass and minerals]. The rock
consists of groundmass (60%), rock fragments (8%), plagioclase (12%), quartz (10%), hornblende
(4%), biotite (2%), chlorite (1.5%), carbonate (1.5%), and ore minerals (0.5%). The rock is slightly
chloritized and carbonatized.

Groundmass consists of volcanic glass and ash. Volcanic glass is gray and greenish gray and in some
places brownish gray. The majority of the volcanic glass is devitrified, forming chloritic-siliceous fine
grained aggregates. Volcanic glass relicts form different curved shapes. Refractive index of the
volcanic glass is less than that of Canada balsam. Rock and mineral debris have angular and rounded
shapes and vary in grain size. Rock fragments are represented by gabbro-diabase, andesite, and
siliceous rocks.

Gabbro-Diabase: Characterized by diabasic texture and consists of plagioclase and intensively
altered hornblende.

Andesite: Consists of plagioclase microlites and laths and chloritized groundmass.

Siliceous Rock: Consists of fine grained aggregates of quartz and rare inclusions of feldspar.
Plagioclase is colorless and forms platy prismatic crystals. Both twinned and zoned varieties are
present. Some plagioclase crystals are intensively deformed and fractured. The composition varies

from oligoclase to labradorite (An 25-55). The refractive index is higher than that of Canada balsam.

Quartz is colorless and transparent. Extinction is undulatory. Quartz has volcanic glass and vesicular
apatite crystal inclusions. Birefringence is equal to 0.009.

Hormblende forms prismatic crystals and acicular hexagonal crystals in transverse section.
Pleochroism is well expressed: Ng - brown green, Np - light yellow green, cNg = 22°, and
birefringence is equal to 0.018.

Biotite forms thin plates which are often deformed. They are characterized by sharp pleochroism: Ng
- dark brown, Np - pale yellow, and high birefringence (0.052).

Chlorite forms undulatory aggregates and granular masses. Color is pale green and green.
Pleochroism is not well developed: Ng - yellow green and Np - blue green. Birefringence varies from
0.006 to 0.0014. In some places, chlorite forms a mixture with biotite.

Carbonate is colorless with high birefringence (0.17). Carbonate is developed over the groundmass.

Ore minerals are black, opaque, and form grains of irregular shape.
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Borehole 9b/4
Interval 57.6 m

Mylonite (Tectonically Broken, Shattered Rock)

The sample consists of black, opaque material (80%) and talc-serpentinite fine grained aggregates
(20%).

Black material is opaque and amorphous and forms shapeless particles.
Talc-serpentinite granular aggregates are gray and pale green. The composition of the aggregates

was determined under increased magnification. Serpentine is characterized by matted-fibrous texture
and by low birefringence (0.008). Birefringence of the talc is high (0.050).
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Borehole 12a/1
Interval 56.5 m

Brecciated Chloritized Basalt

The texture is porphyritic. The sample consists of groundmass (60%), phenocrysts of plagioclase
(15%), rhombic and monoclinic pyroxene (clinopyroxene) (13%), and ore minerals (2%). As a result
of brecciation, the rock along the microfractures is chloritized, carbonatized, and silicified.
Secondary minerals make up about 10% of the thin section.

Groundmass consists of completely chloritized and carbonatized volcanic glass and oblong laths of
plagioclase.

Plagioclase is colorless and both zoned and twinned varieties are present. The composition of
plagioclase corresponds to the composition of labradorite (An 55-68). Part of the plagioclase grains
are substituted by chlorite and carbonate.

Rhombic pyroxene is colorless and slightly greenish, with poorly defined pleochroism: on Np - light
yellow, on Ng - gray green, and the extinction is straight. Birefringence varies up to 0.015. Rhombic
pyroxene, according to its optical parameters, corresponds to hypersthene.

Monoclinic pyroxene is blue green with poorly defined pleochroism: on Np - blue green, on Ng - gray
green, cNg varies from 40° to 47°. Birefringence is equal to 0.029. Monoclinic pyroxene, according
to its optical parameters, corresponds to augite.

Ore minerals are black and shapeless.

Chlorite is gray green and dirty green. It is developed over both the groundmass and phenocrysts of
plagioclase and pyroxenes, sometimes completely substituting them. Bireftingence is low (0.004).

Carbonate is colorless and developed along the microfractures, substituting for both the groundmass
and phenocrysts of plagioclases and pyroxenes. Birefringence is high (0.17).
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Borehole 13a/1
Interval 40.0 m

Doleritic Basalt

The texture is doleritic, partially poikilophitic, holocrystalline. The sample consists of olivine (10%),
pyroxene (20%), plagioclase (63%), apatite (<1%), iddingsite (1%), and ore minerals (5%).

Olivine is colorless, usually rounded, and occasionally oblong. Extinction is straight, birefringence is
equal to 0.048, relief is high, and in some places the olivine is substituted by orange brown iddingsite.

Pyroxene is green and is characterized by a considerable variety of forms and sizes: microcrystalline
isomorphic grains, occasionally short prismatic grains ranging from 0.06 to 0.5 mm, closely grouped
between plagioclase grains. In some places, the pyroxene has idiomorphic prismatic contours, which
are intergrown with long prismatic grains of plagioclase. Poor pleochroism is typical: on Np - blue
green, on Ng - gray green, cNg = 42°. Birefringence is equal to 0.029. Pyroxene, according to its
optical parameters, corresponds to augite.

Plagioclase is colorless and forms oblong prismatic crystals and occasionally short prismatic crystals
ranging in size from 0.15 to 0.8 mm. Usually the plagioclase grains are transparent. Inclusions of ore
minerals, olivine, and pyroxene are observed among the plagioclase grains. According to its
composition, the plagioclase is labradorite (An 54 - 60).

Iddingsite is red brown and yellow brown with a golden tint in the center of the grains. Iddingsite is
developed over olivine, sometimes pseudomorphically substituting it. Birefringence is high (0.072).

Ore minerals appear as well formed crystals of cubic shape, occasionally as acicular and skeleton
shaped forms, including augite grains.

Apatite forms oblong acicular crystals.
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Borehole 15b/10
Interval 77.5

Sandstone with Coaly Material

The texture is psammitic and coarse-grained. The rock consists of groundmass (70%), mineral debris
including plagioclase (15%), quartz (10%), biotite-chlorite (2%), apatite (> 0.5%), and ore minerals
("1%), and coaly material (2%).

Groundmass is dark brown, in some places black, almost anisotropic, and only along the edges is
transparent. It consists of argillo-silty material, which is oxidized and ferruginized.

Mineral debris are represented by plagioclase and quartz, more seldom by biotite. Their size varies
from 0.2 - 2 mm.

Plagioclase is colorless. It forms semi-rounded, rounded, and angular grains, and most are fractured.
Some of the grains have typical twinning.

Quartz is colorless. It is represented by semi-rounded and angular grains, which in some places have
a typical undulatory extinction. Birefringence is equal to 0.009. Some of the grains have the higher
birefringence (0.012), which is related to the thickness of thin section.

Biotite is dark brown and dark reddish brown. It is intensively deformed and chloritized, resulting in
poorly defined pleochroism.

Apatite is present in a small amount. It is colorless and forms fine acicular and short columnar
crystals, and occasionally hexagons. Inclusions of acicular apatite appear among the grains of
plagioclase and quartz. The extinction is straight and birefringence is low (0.005).

Ore minerals form irregularly shaped grains. They are black and opaque.

Coaly material is black and brownish black and isotropic. Along the edges, it is transparent ranging
from dark-brown to gray.
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Borehole 15b/2
Interval 34.0 m

Dacitic Lava Breccia

The rock consists of groundmass (30%), rock debris (50%), plagioclase (9%), quartz (6%),
hornblende (2%), biotite (1%), apatite (0.5%) and ore minerals (2%).

Groundmass is brown and dirty green. It consists of sedimentary and pyroclastic materials, which
were subjected to devitrification, with relicts of volcanic glass.

Fragmental material is represented by extrusive and siliceous rocks and also by plagioclase and
quartz. Extrusive rock debris are intensively oxidized, and their groundmass is dark brown, in some
places black. Small altered microlites and phenocrysts of colorless, twinned plagioclase are preserved
in this dark, almost isotropic groundmass. Phenocrysts belong to the andesine-labradorite series,
allowing for the interpretation that the extrusive rock debris are andesites and andesite-basalts.
Siliceous rock debris are gray. They consist of microcrystalline aggregates, composed of fine grained
of quartz and rare feldspar.

Plagioclase is colorless, twinned, and most is fractured. Along the fractures it is albitized.

Quartz is colorless and fractured. In some places, it has the undulatory extinction. Birefringence is
equal to 0.009.

Hornblende is brownish green, and forms short columnar crystals, which are partially deformed. Asa
result of this deformation, the pleochroism is not well defined: on Ng - dark brownish green, on Np -

yellow brownish. Birefringence is equal to 0.017, cNg=18°.

Biotite is laminated, platy, and intensively deformed. Pleochroism: on Ng - dark brown, on Np -
grayish yellow. Extinction is straight. The altered plates are chloritized.

Chlorite is dirty green and greenish brown. It is developed both over the groundmass and over
hornblende and biotite. Birefringence is from 0.005 to 0.011.

Apatite is colorless and forms acicular oblong crystals and hexagons. Acicular crystals have straight
extinction. Birefringence is low (0.03).

Qre minerals are black and opaque. They form irregularly shaped grains. They are observed both in
the groundmass and in the extrusive rock debris.
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Borehole 15b/5
Interval 66.7 m

Coal-Bearing Sandstone

The texture is coarse grained. The rock consists of groundmass (40%), extrusive and siliceous rock
debris (12%), plagioclase (20%), quartz (13%), biotite (3%), and coaly material (5%). The rock is
intensively carbonatized and less chloritized.

Groundmass is made up of chlorite-carbonate fine grained aggregates and of dark brown opaque
material, which is carbonatized and silicified along the microfractures.

Rock debris are angular and poorly rounded. They are represented by extrusive rocks (andesites) and
by hom-like siliceous rocks. The extrusive rocks are composed of dark brown and black groundmass
and of plagioclase microlites. Siliceous rocks are made up of microgranular quartz aggregates with a
small content of feldspar.

Plagioclase is represented by poorly rounded and angular debris. It is colorless and fractured. Both
zoned and twinned varieties are present. Plagioclase along the microfractures are chloritized and
silicified.

Quartz is represented by poorly rounded and shapeless grains. It is colorless and fractured. Besides
the quartz grains, there is secondary quartz in the thin section, which is developed both over the
groundmass and along the microfractures of plagioclase. Quartz has low birefringence (0.009).

Biotite is foliaceous, platy, and intensively deformed. Pleochroism: on Ng - dark brown, on Np -
gray yellow. Birefringence is equal to 0.045 - 0.050. The biotite has been subjected to chloritization,
partly forming a chlorite-biotitic mixture.

Chlorite forms granular masses and plates. Together with quartz, it is developed over the
groundmass or along the microfractures of plagioclase and biotite. Birefringence is quite variable
(0.002 - 0.009).

Carbonate is colorless and represented by fine grained aggregates and laminated crystals. Pseudo-
absorption is typical for the laminated crystals. The refraction on Ng is almost similar to the one of
Canada balsam and on Np the birefringence is higher, with a variable surface. Typlcal pearly
interference colors are exhibited. Birefringence is high (0.172).

Apatite is colorless and represented by acicular oblong crystals and hexagons. The relief is high,
birefringence is low (0.003).

Ore minerals are represented by shapeless grains, which are black and opaque.

Coaly material is black, isotropic, and shapeless. Along its edges, it is slightly transparent and is
silicified along microfractures.
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Borehole 15b/7
Interval 69.3 m

Arenaceous Siltstone

The texture is fine grained and silty psammitic. The rock consists basically of argillaceous matter
(90%) with a small content of silty psammitic material.

Argillaceous material is dark brown and opaque. Along the microfractures it is slightly transparent,
related to the process of crystallization, resulting in the transformation of opaque material into
chlorite and chlorite-siliceous aggregates. In addition, the rock along the microfractures is silicified
and carbonatized. Under increased magnification (7x40), it was determined that the silty psammitic
material is represented by spilite, quartz, and plagioclase.

Spilite is gray. It is distinguished by typical spilitic intersertal texture with microlites of plagioclase,
which are substituted by albite and which are located between the laths and microlites of chloritic
aggregates.

Plagioclase is colorless and twinned.
Rare grains apparently of hornblende and biotite, intensively altered and deformed, are also observed.

These minerals were determined by their relict grain shapes. As a whole, the silty-argillaceous rock is
tectonically deformed and is slightly silicified, carbonatized and chloritized.
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Borehole 15b/11
Interval 81.0 m

Argillaceous Rock

The rock is made up of dark brown, intensively oxidized opaque material (95%), which contains
small inclusions of quartz and plagioclase (1 by 2 mm). The rock is slightly fractured. The
microfractures are filled by gypsum and quartz.

Gypsum is colorless, tabular, and in some places granular. It is distinguished by a low refractive
index, which is lower than that of Canada balsam.

In contrast to gypsum, the refractive index of quartz is higher than that of Canada balsam.

Rare inclusions of plagioclase are characterized by presence of twinning and by relatively high
refractive index, which is higher than the ones of quartz and Canada balsam.
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Borehole 16a/1

Brecciated Altered Basalt

The texture is brecci-formed. The rock has been subjected to heavy tectonic reworking and intensive
metasomatic substitution and has preserved the relict parts of basic extrusive rocks. Relict debris of
basic rocks make up about 30% of thin section surface and the rest consists of carbonate and quartz.
Relict parts of basalts are composed of chloritized volcanic glass and microlites of plagioclase.
Predominant part of the debris is metasomatically substituted by quartz-carbonate-prehnitic
microgranular aggregates. Their optical data were determined under the large magnification (8x20)
and (8x40).

Quartz is colorless, birefringence is equal to 0.009, and the refractive index is higher than that of
Canada balsam.

Carbonate is colorless, with high relief, and birefringence equal to 0.17.

Prehnite is colorless, forming thick tabular crystals. Extinction is straight and birefringence is equal
to 0.026. The prehnite exhibits characteristic anomalous interference color.
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Borehole 17a/1
Interval 138.1 m

Tuff Sandstone

The texture is medium grained. The rock consists of groundmass (60%), rock debris (12%),
plagioclase (13%), quartz (7%), hornblende (3%), biotite (2%), apatite (1%), and ore minerals (2%).
The rock is poorly carbonatized.

Groundmass is grayish brown and dark brown. It is made up of devitrified volcanic material and
argillaceous chlorite-siliceous aggregates. Volcanic and argillaceous portions of the groundmass are
opaque and isotropic. The chlorite-siliceous aggregates consist of a mixture of loop-shaped fibrous
dirty green chlorite and microgranular siliceous aggregates.

Rock debris are angular and poorly rounded and are represented by andesite and quartzite. The
groundmass of andesite is dark brown, almost black, with the inclusions of plagioclase microlites and
phenocrysts. Quartzites are gray and yellowish gray. They consist of very fine quartz grains.

Plagioclase is colorless, intensively fractured, in some places with the displacement of individual
parts. Twinned varieties are abundant, but zoned varieties are also observed. The plagioclase grains
are partly subjected to saussuritization and in some places they are pseudomorphically substituted by
carbonate.

Quartz is poorly rounded, angular, colorless, with inclusions of acicular crystals of apatite.
Undulatory extinction is typical. Birefringence is equal to 0.009.

Homblende forms deformed, laminar crystals. Pleochroism: on Ng - brown green, on Np - yellow
brown, cNg=17°, Ng-Np = 0.22.

Biotite is platy, tabular, with well defined pleochroism: on Ng - dark brown, on Np - gray yellow.
Birefringence is high (0.065) and extinction is straight. In some places the biotite is partly
chloritized.

Carbonate is colorless and forms granular aggregates and laminar crystals. Birefringence is high
(0.171). Carbonates are developed along microfractures. Pseudomorphic substitution of plagioclase
grains by carbonate is observed. The pseudomorphic carbonate exhibits typical pearly interference
color.

Apatite is colorless and relief is high. It is represented by acicular crystals and hexagons.
Birefringence is low (0.003).

Ore minerals are black, opaque, and shapeless.
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Borehole 17a/2
Interval 141.5m

Calcareous-Argillaceous Siltstone

The texture is pelitomorphous.

Groundmass (95%) consists of a mixture of argillaceous material and calcareous material.
Arenaceous fragmental material (5%) is present in a small amount. The groundmass is dark brown,
grayish brown, and slightly fractured. The rock as a whole has been subjected to carbonatization.

Carbonate is colorless. It is developed both over the groundmass and along microfractures. It is
represented by two varieties: granular aggregates and laminar crystals, rarely by thombohedral forms.
Birefringence is high (0.171). Pseudoabsorption and pearly interference color are typical for the
laminar variety.

Quartz debris are present in a small amount. They are angular and poorly rounded, colorless, with
undulatory extinction. Birefringence is equal to 0.009. Secondary quartz, which is developed along
microfractures, occurs often with carbonate.

Ore minerals are black, opaque, and shapeless.
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Borehole 17a/3
Interval 147.5 m

Intensively Deformed Sandstone

The texture is coarse grained. The rock consists of groundmass (65%), rock debris (20%), quartz
(7%), plagioclase (5%), biotite, apatite (0.5%), and ore minerals (1.5%). The rock as a whole is
carbonatized, partly chloritized and silicified.

Groundmass is dark brown and black, in some places brownish gray and gray. The dark brown and
black portions are isotropic and opaque. The groundmass consists of calcareous-argillaceous
material, partly crystallized. This results in the amorphous dark argillo-calcareous material altering to
a crystalline state in places, which is represented by light chlorite-carbonate granular aggregates.

Carbonate is developed along microfractures, quite often forming laminar crystals, where

pseudoabsorption is observed. Birefringence is high (0.171) and pearly interference colors are
observed.

Rock debris are slightly rounded and rounded. They are represented by extrusive rocks such as
andesite, spilite, and quartzite. Andesites are dark brown. The groundmass is intensively oxidized.
Light plagioclase microlites are distinguished in the dark groundmass. Spilites are distinguished by
typical spilitic texture: laths of albite are intersertally located in the chloritic groundmass. Quartzite is
gray and consists of microgranular quartz aggregates and rare plates of micas.

Quartz is colorless, slightly rounded, and fractured. Birefringence is equal to 0.009 and extinction is
wavy.

Plagioclase is colorless, fractured, and twinned. In general, it is intensely deformed.
Biotite is intensively deformed and chloritized. Only relict parts are preserved.

Apatite is colorless and forms short columnar crystals and hexagons. Relief is high and birefringence
is low (0.003).

Ore minerals are black, opaque, and irregularly shaped.
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Borehole 17a/4
Interval 156.0 m

Argillaceous Sandstone

The structure is psammito-pelitic. The rock consists of groundmass (70%), rock debris (7%), quartz
(15%), plagioclase (5%), biotite (2%), and ore minerals (1%).

Groundmass is brown and dark brown. It is greatly oxidized and penetrated (pierced) by iron
hydroxide, i.e. limonite. The groundmass is slightly fractured and is silicified along the
microfractures.

Rock debris are rounded. They are represented by intensively altered extrusive rocks, the
groundmass of which is entirely oxidized. Only colorless microlites of plagioclases are preserved.

Debris of quartz and plagioclase are angular, poorly rounded, and fractured.

Quartz is colorless, extinction is undulatory, and birefringence is equal to 0.009. Quartz contains
very fine acicular microcrystals of apatite.

Plagioclase is colorless. The grains are of irregular shapes, poorly rounded, and twinned.

Biotite is intensively deformed, altered, and oxidized, and as a result the pleochroism is poorly
defined: on Ng - dark brown, on Np - brown dirty green.

Ore minerals, apparently limonite, penetrate the groundmass.
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Borehole 18a/1
Interval 17.0 m

Lava Breccia

The texture is coarse grained. Occasionally, the texture is spherulitic and radiate fibrous in the
groundmass. The sample consists of groundmass (55%), rock debris (6%), plagioclase (15%), quartz
(10%), biotite (3%), apatite (0.5%), and ore minerals (2%). The rock as a whole, is chloritized (8%)
and relatively less carbonatized (3%).

Groundmass consists of many different aggregates: intensively crystallized volcanic glass, chlorite-
siliceous, fine grained, radiate fibrous, and spherulitic. Rock debris, plagioclase, and quartz are
angular and slightly rounded and all range in size from 0.2 by 0.3 mm to 2 by 3 mm.

Rock debris are represented by intensively ferruginized andesite and chloritic siliceous shale.
Groundmass in the extrusive rock is brown with microlites of plagioclase.

Plagioclase is colorless, fractured with altered gray areas, and characterized by twinned crystals.
Chlorite, and to a lesser extent carbonates, are developed along the microfractures of the plagioclase.

Quartz is colorless and slightly fractured. In some places, characteristic undulatory extinction is
present. Birefringence is 0.009.

Biotite flakes are in places deformed. It is distinguished by well defined pleochroism: on Ng - dark
brown, on Np - yellowish brown, A mixture of biotite and chlorite, forming fibrous and deformed
aggregates, is present.

Chlorite is dirty green, pale green, and yellowish green. It is developed together with siliceous
material over the groundmass, quite often forming radiate fibrous and spherulitic aggregates.
Birefringence ranges from 0.03 to 0.014. Chlorite develops also along the microfractures of
plagioclase.

Carbonate is colorless and forms both granular aggregates and laminar crystals, sometimes
pseudomorphically substituting for plagioclase. It is distinguished by high birefringence (0.17) and
the pearly tinge of interference and pseudo-absorption phenomenon.

Sphene is colorless and occasionally pale green. It is distinguished by its typical rectangular shape.
Poor pleochroism is observed: on Ng - light brown, on Np - colorless.

Apatite is colorless and is observed as acicular crystals located together with the plagioclase and
quartz.

Ore minerals are black, opaque, and form shapeless fine grains.
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Borehole 18a/2
Interval 18.5 m

Lava Breccia
The texture is coarse grained and in some places radiate fibrous. The sample consists of groundmass
(50%), rock debris (7%), plagioclase (14%), quartz (8%), hornblende (3%), biotite (2%), sphene
(0.5%), apatite (0.5%), and ore minerals (1.5%). The rock is intensively carbonatized (7%) and
chloritized (5%).

Groundmass consists of intensively crystallized volcanic glass, which cements the chlorite-siliceous
aggregates, which in some places has radiate fibrous texture.

Rock debris are represented by intensively altered extrusive rocks - andesites. Rare rock debris of
siliceous composition are also observed.

Plagioclase is colorless, fractured, twinned, and in some places deformed. A majority of the
plagioclase grains, along the microfractures, is carbonatized and chloritized, and rarely biotized.
Sometimes all of these processes of substitution may be observed on the same grain of plagioclase.

Quartz is colorless, fractured, and occasionally contains acicular crystals of apatite. Extinction is
undulatory and birefringence is 0.009.

Hornblende is preserved in appearance as relict shapes of crystals. In most cases, they are substituted
by carbonate, chlorite, and rarely biotite. The complete pseudomorphic substitution by carbonate is
observed.

Biotite is laminar and platy, forming independent plates. Rarely it develops over pale green chlorite.
The biotite has well defined pleochroism: on Ng - dark brown, on Np - gray yellow. Birefringence is
high (0.055).

Chlorite is dirty green, pale green, and bluish green with poorly defined pleochroism. Birefringence
ranges from 0.003 to 0.013.

Sphene is colorless and distinguished by its rectangular shape and high relief.
Apatite is colorless and forms oblong acicular microcrystals.

Ore minerals are black, opaque, and form fine shapeless grains.
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Borehole 18a/3
Interval 26.0 m

Lava Breccia
The sample consists of groundmass (45%), rock debris (15%), plagioclase (16%), quartz (7%),
biotite (1%), epidote (1.5%), ore minerals (1%), and apatite (0.5%). The rock is carbonatized and
chloritized (5%).
Groundmass consists of chlorite-siliceous aggregates and partly of crystallized volcanic glass and ash.
Relicts of volcanic glass have varying forms, which in some places acquired a radiate fibrous texture

when they crystallized.

Rock debris are represented by extrusive rocks which, according to their structure, belong to andesite
and spilite. In some places, the rock debris are fractured as a result of carbonatization.

Plagioclase is composed of angular, shapeless, colorless, and fractured grains. The edges and
microfractures of the plagioclase are carbonatized and chloritized.

Quartz is angular, colorless, and slightly fractured. In some places extinction is undulatory.

Biotite is deformed, intensively chloritized, and as a result, pleochroism is poorly exhibited.

Epidote fills cavities with radiate fibrous aggregates. Birefringence is high (0.048) and pleochroism is
poor: on Ng - yellowish green, on Np - light yellow. Possibly epidote is formed over the extrusive

rock debris.

Apatite is colorless and forms short columnar crystals. Relief is high and birefringence is low
(0.003).

Chlorite is dirty green and yellow green. It is developed both over the groundmass and over
plagioclase as well as along the fractures within the extrusive rock debris.
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Borehole 18a/4
Interval 42.2 m

Andesite

The texture is diabasic. The rock is made up of idiomorphic, thin tabular oblong crystals of
plagioclase between which prismatic crystals of monoclinic pyroxene and phenocrysts of plagioclase
are located. The rock as a whole is carbonatized and chloritized.

Plagioclase is colorless and twinned. The plagioclase is andesine-labradorite (An 45-65). The
plagioclase crystals are partially subjected to carbonatization and chloritization.

Monoclinic pyroxene (clinopyroxene) is prismatic and rarely octahedral. Pleochroism is poorly
defined: on Ng - gray green, on Np - light blue green, cNg = 42°, and birefringence is equal to 0.027.
The majority of the pyroxene is substituted by chlorite and carbonate, quite often the complete
pseudomorphic substitution by carbonates is observed and only relict forms of the crystals are evident
to indicate their primary mineral of pyroxene.

Chlorite is green and bluish green. It is developed over both the plagioclase and monoclinic
pyroxene. It exhibits poor pleochroism: on Ng - dark green, on Np - pale green, Ng-Np = 0.012.

Carbonate is colorless and forms granular aggregates and laminar crystals. Laminar crystals
pseudomorphically substitute for the crystals of pyroxene and plagioclase. Birefringence is high
(0.17).

Apatite is colorless and forms acicular and short columnar crystals. Relief'is high, birefringence is
low (0.003), and extinction is straight.

Quartz is secondary and is usually present as central in-fillings within microcavities. The edges of
these microcavities are often coated with carbonate.

Ore minerals are black and shapeless.
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Borehole 18a/5
Interval 50.0 m

Lava Breccia

This sample consists of groundmass (60%), rock debris (6%), plagioclase (20%), quartz (12%),
biotite (1.5%), apatite (1%), and ore minerals (2%). The rock has been subjected to intensive
carbonatization and silicification.

Groundmass consists of crystallized volcanic glass and ash, and chlorite-siliceous crystalline
aggregates which in places have a radiate fibrous texture.

Rock debris are represented by angular and slightly rounded grains of extrusive rocks - andesites,
spilites, and microcrystalline chlorite-siliceous rocks.

Plagioclase is colorless and fractured. In most cases, it has been subjected to carbonatization and
relatively rarely to silicification, both of which are developed along the microfractures and along the
edges of the plagioclase grains. Plagioclase is twinned and the twinning planes are preserved even
when completely substituted.

Quartz is colorless. Two varieties are present: debris of primary grains and secondary quartz, which
is hydrothermal in origin and developed over the groundmass and plagioclase.

Biotite is platy and deformed, with well defined pleochroism: on Ng - dark brown, on Np - gray
yellow. Birefringence is high (0.045) and extinction is straight.

Chlorite is dirty green and yellow green. It is developed both over the groundmass, often together
with quartz and over plagioclase. Birefringence ranges from 0.004 to 0.012.

Carbonate is colorless and forms fine grained aggregates and laminar crystals, very often
pseudomorphically substituting the plagioclase grains. Carbonate exhibits characteristic high
birefringence (0.17) and pseudoabsorption.

Apatite forms as acicular crystals and hexahedrons. Relief is high, birefringence is low (0.003), and
extinction is straight.

Ore minerals are black and brownish black and forms shapeless grains.
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Borehole 18a/6
Interval 95.5 m

Rhyodacitic Tuff Breccia

The texture is coarse grained. The sample consists of groundmass (55%), rock debris (8%),
plagioclase (18%), quartz (7%), hornblende (2%), apatite (0.5%), fluorite (2%), and ore minerals
(2%). The rock is slightly carbonatized (2.5%) and chloritized (2%).

Groundmass consists of volcanic glass, ash, and arenaceous material. Volcanic material is
crystallized with the formation of chlorite-siliceous aggregates with relicts of volcanic glass.
Volcanic crystalline masses, in some places, have a radiate fibrous texture.

Rock debris are angular, colorless, and transparent, and in some places weathered. There are both
zoned and twinned plagioclase present in the sample. Plagioclase is of andesine-labradorite
composition (An 40-55). In some places, the plagioclase contains inclusions of volcanic glass and
acicular crystals of apatite.

Quartz is angular, colorless, slightly rounded, and fractured. Extinction is typically undulatory.
Some of the quartz is developed along the microfractures which is connected with secondary
hydrothermal processes.

Hornblende forms rare prismatic microcrystals, which in general, are substituted by carbonate and
rarely by biotite and chlorite. The preserved relict parts have typical pleochroism: on Ng - blue
green, on Np - light yellow green, Ng-Np = 0.025, cNg = 22°.

Biotite forms rare plates which are slightly deformed. Pleochroism is well defined: on Np - gray
yellow, on Ng - dark brown. Birefringence is high (0.049).

Apatite is colorless and forms oblong acicular crystals and hexahedral sections. Birefringence is low
(0.003).

Fluorite is colorless, in some places, with a violet tinge, and isotropic. The refractive index is lower
than that of Canada balsam. The fluorite exhibits typical low relief. Fine microcrystals of fluorite are
located along the microfractures of the rock.

Ore minerals are black, opaque, and shapeless.

Chlorite is dirty green and blue green. The first variety is developed over the groundmass and the
blue green variety over hornblende often together with carbonates.

Carbonate is colorless and developed over the groundmass as granular aggregates and also over

homblende and plagioclase. It is distinguished by pearly interference color and high birefringence
(0.17).

61



Borehole 18a/7
Interval 1142 m

Tuff Sandstone Containing Coaly Material

The texture is coarse grained. The sample consists of groundmass (50%), rock debris (7%),
plagioclase (17%), quartz (11%), biotite (2%), fluorite (3.5%), apatite (0.5%, ore minerals (2%),
coaly material (3%), and trace microcrystals of zircon. The rock is partially chloritized (3%).

Groundmass consists of volcanic glass, ash, and arenaceous material. Volcanic material is
crystallized and forms chlorite-siliceous granular aggregates.

Rock debris are angular and rounded, and have sizes ranging up to 3 by 5 mm. They are represented
by dark brown extrusive rocks with microlites of plagioclase and gray and yellowish gray
microcrystalline quartzite.

Plagioclase is colorless, transparent, and angular. Both twinned and zoned varieties are present.
Quartz is colorless and the grains are usually angular, but occasionally rounded. A portion of the
quartz is developed along microfractures. The refractive index is higher than that of Canada balsam,
but lower than that of plagioclase. Birefringence is equal to 0.009.

Biotite forms plates, which are generally aligned along lamination planes of the rock. In some places,
the biotite forms over the chloritic part of the groundmass. The biotite is distinguished by well
defined cleavage and well defined pleochroism: on Ng - dark brown, on Np - gray yellow.

Chlorite is both dirty green and yellowish green. The first variety is developed over the groundmass
and has low birefringence (0.004). The second variety is developed along the lamination planes and
has relatively high birefringence (0.013). Pleochroism is poorly exhibited.

Fluorite is colorless and isotropic, forming platy and granular aggregates. The refractive index is
lower than that of Canada balsam and the groundmass. Fluorite fills cavities and microfractures

within the rock.

Zircon is colorless and forms short columnar crystals. Relief'is high. It is distinguished by the high
birefringence (0.055) and anomalous interference color.

Apatite is colorless and forms short columnar crystals and hexahedrons. Relief is high, extinction is
straight, and birefringence is low (0.003).

Ore minerals are black and opaque.

Coaly material is brownish black, shapeless with diffused margins.
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Borehole 18a/8
Interval 117.8 m

Laminated Tuff Sandstone
The texture is fine grained. The sample consists of groundmass (75%), quartz debris (15%),
plagioclase (8%), biotite (1%), apatite microcrystals (1%), and zircon (<0.5%). The rock as a whole
is slightly deformed and laminated.

Groundmass consists of crystalline volcanic material and argillo-arenaceous material. The
crystallized portion of the volcanic material is made up of fine grained siliceous-chloritic aggregate.

Quartz is angular and colorless and distributed unevenly in the groundmass.
Plagioclase is angular, colorless, and twinned.
Biotite is deformed and chloritized, and as a result, pleochroism is poorly defined; on Ng - chestnut

brown, on Np - yellowish brown. Birefringence is lower than usual (0.035) which is probably due to
the deformation.
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Borehole 18a/9
Interval 121.6 m

Arenaceous Siltstone

The sample consists of a brown and dark brown siltstone mass with inclusions of coaly material and
arenaceous material in which the particles of quartz were determined under increased magnification

(8 by 40). Coal matenal is black and brownish black, laminated, opaque, and slightly translucent only
along the edges.
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Borehole 18a/10
Interval 135.8 m

(Tectonic) Breccia

The sample consists of andesite debris, which are cemented by a siliceous-chloritic fine grained mass.
The cavities of the rock are filled with quartz. Fluorite and zircon are observed in small quantities in
the microfractures. The predominant part of this thin section surface is made up of andesite breccia.

Andesite is fractured and the texture is fluidal, occasionally radiate fibrous. The groundmass is
chloritized and albitized.

Laths and microlites of plagioclase, in general, are oriented and are colorless. The refractive index of
the plagioclase is higher than that of Canada balsam and quartz, which may indicate that they are
medium and basic plagioclases.

Quartz fills cavities of the rocks and is colorless and fine grained. Extinction in some places is
undulatory and birefringence is equal to 0.009.

Fluorite is colorless, in some places with a light violet tinge, and isotropic. It is distinguished by low
negative relief. The refractive index is lower than the refractive index of Canada balsam.

Zircon forms rounded grains, is colorless, and is distinguished by high and uneven relief and high
birefringence (0.052).
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Borehole 18a/11
Interval 146.5 m

Tuff Sandstone

The texture is fine grained. The sample consists of groundmass (67%), rock debris (6%), plagioclase
(9%), quartz (7%), biotite (1%), apatite (1%), garnet (2%), and ore minerals (2%). The rock is
slightly chloritized (3%) and carbonatized (2%).

Groundmass consists of brown argillaceous material and volcanic ash. It is crystallized forming
siliceous-chloritic microcrystalline aggregates, with relicts of brown material.

Rock debris are represented by dark brown, basic, extrusive rock and yellowish gray quartzite.
Debris are rounded and semi-rounded.

Plagioclase forms slightly rounded and angular grains. It is colorless and both zoned and twinned
plagioclase is present. It is fractured and has inclusions of volcanic material and rare acicular
microcrystals of apatite. Quartz and chlorite are developed along the microfractures of the
plagioclase in some places.

Quartz is colorless, slightly fractured, and angular. Birefringence is equal to 0.009.

Biotite is deformed. It forms over chlorite and occasionally over plagioclase. As a result of the
deformation, the pleochroism is poorly defined: on Ng - chestnut brown, on Np - greenish brown.

Birefringence is low (0.036).

Apatite is colorless and forms short columnar and acicular crystals. Reliefis high and birefringence is
low (0.003).

Garnet is colorless, occasionally with a greenish tinge. Relief is high and varied.
Chlorite is dirty green, laminar, and fibrous. Birefringence is low (0.004).

Carbonate is colorless and developed over the groundmass and occasionally over plagioclase.
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Borehole 18a/12
Interval 147.5 m

Arenaceous Tuff Siltstone
The rock consists of groundmass (85%), quartz (7%), plagioclase (6%), and mica (2%).
Groundmass consists of brown argillaceous material and microcrystalline chloritic material with
relicts of volcanic ash. The brown material is isotropic and opaque. The chloritic material is slightly

transparent. Matted fibrous texture is observed under high magnification (60 by 80).

Quartz and plagioclase are present as very fine particles, not more than 0.1 mm in size. The quartz is
shapeless.

Mica is light colored and colorless. Extinction is straight and birefringence is high (0.036).
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Borehole 18a/13
Interval 150.0 m

Silty Tuff Sandstone

The texture is fine grained. psammito-pelitic. The rock consists of groundmass (80%), sandy
material which contains rock debris (4%%), quartz (10%), plagioclase (3%), and biotite (1%).

Groundmass consists of crystalline volcanic ash and brown argillaceous amorphous material. The
volcanic crystallized material mainly consists of chlorite and relatively less silica.

Rock debris are well rounded and have sizes ranging up to 0.5 mm. They are represented by basic
extrusive rocks as well as spilite (spilitic texture is observed) and microcrystalline quartzite.

Quartz is colorless and shapeless. It is distnibuted unevenly in the groundmass.
Plagioclase is colorless and twinned.

Biotite is platy and slightly deformed. Pleochroism is well defined: on Ng - dark brown, on Np - gray
yellow.
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Borehole 18a/14
Interval 153.1 m

Tuff Sandstone

The texture is medium grained. The sample consists of groundmass (65%), plagioclase (15%),
quartz (12%), biotite (2%), and chlorite (6%).

Groundmass consists of brown and dark brown opaque material and of siliceous-chloritic
microcrystalline aggregates. The brown material apparently consists of volcanic ash and clay.

Plagioclase is colorless, transparent, forms shapeless and angular grains, and is twinned.
Quartz is colorless and in some places transparent. It forms both angular and rounded grains.

Biotite is platy and slightly deformed. Extinction is straight. Pleochroism: on Ng - dark brown, on
Np - yellowish brown. Birefringence is equal to 0.046.
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Borehole 18a/15
Interval 153.3 m

Rhyolitic Welded Tuff
The texture is felsitic and in some places spherulitic. The rock consists of groundmass (70%), rock
debris (5%), porphyritic phenocrysts of quartz (8%), plagioclase (5%), biotite (2%), chlorite (3%),
pyrophyllite (2%), and carbonate (5%).
Groundmass consists of volcanic glass, the majority of which has been subjected to devitrification
with the formation of quartz-chloritic fine grained, entangled fibrous, and spherulitic aggregates.

Relict volcanic glass is colorless and transparent, forms whimsical shapes, and is isotropic. The
refractive index of the relict glass is less than that of Canada balsam.

Rock debris are dark brown and intensively ferruginized and carbonatized.

Quartz is colorless and forms rounded, shapeless grains, the edges of which are etched/corroded by
volcanic glass.

Plagioclase is colorless and transparent. Plagioclase grains in some places are etched/corroded by
volcanic glass. The plagioclase is twinned.

Biotite is platy and dark brown, almost black. Pleochroism is well defined: on Ng - dark brown,
almost black, on Np - yellowish light brown.

Chlorite is light green and yellow green. It fills cavities of the rocks. In some places, the chlorite
pseudomorphically substitutes for the colored minerals.

Pyrophyllite is colorless and foliated. It is distinguished by high birefringence (0.048).

Carbonates are brownish gray and colorless. Mainly they are developed over the rare rock debris.
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Borehole 19a/1
Interval 48.0 m

Tuff Sandstone

The texture is coarse grained and in some places radiate fibrous and spherulitic. The sample consists
of groundmass (55%), rock debris (5%), plagioclase (14%), quartz (11%), biotite (2%), ore minerals
(1.5%), and apatite (0.5%). The rock is carbonatized (4%) and chloritized (7%).

Groundmass consists of volcanic glass, ash, and extremely fine grained arenaceous material. The
volcanic material is mainly crystallized (devitrified) with the formation of chlorite-quartzose fine
grained aggregates with radiate fibrous and spherulitic texture. The relicts of colorless and
transparent volcanic glass have the shapes of fibers, sticks, small horns, etc.

Rock debris have sizes ranging up to 0.3 by 0.5 mm. They are rounded and occasionally slightly
rounded. The rock debris are represented by intensively ferruginized altered extrusive rocks,
apparently of basic composition and by siliceous microcrystalline quartzite.

Plagioclase is colorless, transparent, and angular. Plagioclase is present as both zoned and twinned
varieties. The plagioclase grains often contain inclusions of volcanic glass. The plagioclase is
substituted by carbonate and chlorite along microfractures.

Quartz is colorless and microfractured. It forms different grain shapes including rounded, right
angled, and occasionally hexahedrons.

Biotite is platy and deformed, with well defined pleochroism: on Ng - dark brown, on Np - yellowish
light brown.

Chlorite is greenish blue and greenish yellow. The second variety is developed over the groundmass
and the greenish blue variety fills the cavities of rocks and apparently pseudomorphically substitutes
the colored minerals. In this thin section, only relict contours of colored minerals are preserved.
Pleochroism: on Ng - greenish blue, on Np - yellowish green. Birefringence is relatively high (0.014).

Carbonate is colorless and developed over the groundmass and plagioclase. The carbonate
pseudomorphically substitutes amphiboles, which are preserved only as outlines in transverse section.

Ore minerals are black and opaque.

Apatite is colorless and forms short columnar crystals. Relief is high and birefringence is low
(0.003).
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Borehole 19a/2
Interval 59.0 m

Tuff Sandstone

The texture is coarse grained. The sample consists of groundmass (58%), rock debris (9%),
plagioclase (12%), biotite, apatite (0.5%), ore minerals 92%), and relict crystals of hornblende. The
rock is chloritized (6%), carbonatized (3%), and slightly sericitized (0.5%).

Groundmass consists of brown argillaceous material, chlorite-quartzose microcrystalline aggregates,
and relict forms of volcanic glass which is completely substituted by quartz.

Rock debris are rounded and angular. They are represented by dark gray and dark brown
ferruginized basic extrusive rocks such as andesite, spilite, and siliceous rocks.

Plagioclase is colorless and fractured. Both twinned and zoned plagioclase is present. A portion of
the plagioclase grains is carbonatized along the microfractures.

Quartz is colorless, transparent, and forms both rounded and angular grains. Extinction is
undulatory. Large amounts of secondary quartz are present and are developed over the groundmass
and along the microfractures.

Hornblende is represented in this thin section by two prismatic crystals, which are mainly substituted
by carbonate and chlorite, and relatively less by biotite. Relict areas are represented by a green
variety with well developed pleochroism: on Ng - green, on Np - yellowish green, cNg = 19°, Ng-Np
=0.023.

Biotite forms rare, small, deformed plates with well developed pleochroism: on Ng - dark brown,
almost black, on Np - yellowish light brown, Ng-Np = 0.049.

Chlorite is dirty green and grass green. The dirty green variety is developed over the groundmass
and has low birefringence (0.003 - 0.005). The second variety is developed on hornblende and
plagioclase, in some places pseudomorphically substituting for them. Birefringence is relatively high
(0.014),

Carbonate is colorless and gray. It is developed on the groundmass, plagioclase, and hornblende. It
is distinguished by high birefringence (0.170 and pearly interference color.

Sericite occurs in small amounts over the chloritic-siliceous groundmass. It forms small plates and is
colorless. Extinction is straight and birefringence is high (0.044).

Ore minerals are black, opaque, and form small shapeless grains.

72



Borehole 19a/3
Interval 62.5 m

Andesite

The texture is ophitic and porphyritic. The rock consists of groundmass (66%), phenocrysts of
plagioclase (13%), monoclinic pyroxene (7%), and traces of ore minerals. The rock is chloritized
(4%), carbonatized (5%), and silicified (3%).

Groundmass consists of dark gray volcanic glass and microlites of plagioclase. In some places, the
groundmass is chloritized, silicified, and carbonatized.

Plagioclase forms phenocrysts of thin tabular crystals, which in some places are partially chloritized
and carbonatized. The plagioclase is andesine-labradorite in composition (An 40-65).

Monoclinic pyroxene (clinopyroxene) forms individual phenocrysts within the groundmass. The
pyroxene is colorless, relief is high, cNg = 42°, and Ng-Np = 0.028 and so may be considered
pigeonite. Some of the pyroxene grains are carbonatized and rarely silicified.

Ore minerals are black and opaque. Relatively large grains are located in association with the
pyroxene grains and the smaller grains are scattered throughout the groundmass.

Chlorite forms granular and platy aggregates, fills cavities of the rock, and substitutes for the
groundmass and pyroxenes. Chlorite has poor pleochroism: on Ng - yellow green, on Np - bluish
green, Ng-Np = 0.011.

Carbonate is colorless and developed on the groundmass, plagioclase, and pyroxene, quite often in
conjunction with quartz. It is distinguished by high birefringence (0.17) and the phenomenon of
pseudoabsorption.

Quartz is colorless and developed along the microfractures within the groundmass and developed
partially on phenocrysts of plagioclase and pyroxene.
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Borehole 19a/4
Interval 82.0 m

Tuff Sandstone

The texture is coarse grained. The rock consists of groundmass (60%), rock debris (5%), plagioclase
(14%), quartz (7%), pyroxene (2%), hornblende (3%), and biotite (3%). The rock is slightly
carbonatized (5%) and rarely chloritized.

Groundmass is light brown and yellowish brown. It consists of volcanic glass, ash, and quartz
carbonaceous fine grained aggregates. The volcanic material is slightly crystallized with formation of
quartz-chloritic aggregates. In some places, the groundmass is carbonatized, silicified, and
sometimes along the fractures is sericitized. The main part of the groundmass is isotropic.

Rock debris are rounded and slightly angular, and in some places fractured. They are represented by
extrusive rocks such as andesite, spilite, and siliceous rocks. Groundmass of the rock debris is brown
and black, which is due to ferruginization. Microlites and laths of plagioclase, non ferruginized, are
also present.

Plagioclase is colorless, slightly fractured, and angular. Both zoned and twinned varieties are present.
Most of the plagioclase is fresh and unaltered. Sometimes the grains are carbonatized along
microfractures.

Quartz is colorless, angular, and rarely rounded. Undulatory extinction is typical. Birefringence is
low (0.003).

Pyroxene is colorless, fractured, and forms tabular crystals. Four grains of pyroxene are noted in this
thin section, three of which are monoclinic and one is rhombic. Birefringence of the monoclinic
pyroxene is equal to 0.023, cNg = 37°. Extinction of the rhombic pyroxene is straight and
birefringence is equal to 0.015. Grains of pyroxene are carbonatized and only relicts are preserved.

Biotite is platy with well defined pleochroism: on Ng - dark brown, almost black, on Np - yellowish
brown.

Hornblende forms short columnar crystals and has well developed pleochroism: on Ng - brown green,
on Np - light yellow brown, cNg = 19°, Ng-Np = 0.018. Hornblende is partially carbonatized and
chloritized.

Carbonate is colorless and forms granular aggregates and laminar crystals. It is distinguished by high
birefringence (0.17), interference color, and pseudoabsorption.

Ore minerals are black, opaque, and form irregular grain shapes. A single occurrence of ore mineral
symplectic intergrowth with biotite was observed.
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Borehole 19a/5
Interval 131.0 m

Tuff Sandstone
The sample consists of dark brown material and extrusive and siliceous rock debris. Quartz,
plagioclase, and ore minerals are present in small amounts. The rock as a whole is intensively broken

and slightly carbonatized.

Dark brown material is opaque, amorphous, and partially crystallized with the formation of siliceous-
chloritic microcrystalline aggregates, which in some places are carbonatized.

Rock debris are represented by dark gray spilite and gray siliceous rocks. Spilite is composed of
basic chlorite-albite masses with oblong laths of albite, and very fine ore mineral grains.

Plagioclase is colorless, deformed, and twinned.
Quartz is colorless and fractured. Extinction is undulatory.

Ore minerals are black and opaque.
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Borehole 19a/6
Interval 134.5 m

Tuff Sandstone

The texture is coarse grained. The sample consists of groundmass (60%), rock debris (15%),
plagioclase (14%), quartz (8%), and ore minerals (3%).

Groundmass consists of brown and dark brown opaque material.
Rock debris are represented by extrusive rocks, interpreted to be andesites with plagioclase
phenocrysts. The groundmass of the rock debris is ferruginized, almost black, with microlites of

plagioclase.

Plagioclase is colorless, fractured, and angular. Both zoned and twinned varieties are present. The
plagioclase grains contain inclusions of volcanic glass and acicular microcrystals of apatite.

Quartz is colorless, angular, extensively fractured, with typical undulatory extinction.

Ore minerals are black, opaque, and form shapeless small grains.
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Borehole 19a/7
Interval 140.5 m

Brecciated Tuff Sandstone

The texture is coarse grained and tectonically broken. The sample consists of groundmass (53%),
rock debris (25%), plagioclase 96%), quartz (5%), and trace amounts of biotite and ore minerals.

Groundmass is brown and dark brown, partly crystallized with the formation of chlorite-siliceous
microcrystalline aggregates. The groundmass is carbonatized along microfractures.

Rock debris are represented by andesite and spilite. The groundmass of the andesites is brown,
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